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Introduction

Simulation of analog hard faults in piecewise linear networks could be done
efficiently using the N-port theory for formulating the network equilibrium equations
then using the complementary pivot theory to solve for the node voltages [11. For a
network of n ports, a set of n hybrid equations could be obtained using Lin's method
[2. These equations act as a data base for simulating different faults without the need
to reformulate new equilibrium equations. Every time a fault is simulated, only a sub-
set of these equations have to be solved using the Lemke's complementary pivot algo-
rithm [31 to obtain the node voltages of the preselected test nodes. An analog fault dic-
tionary could be obtained by logical means whereby faults are identified by numerical
codes [41. A FORTRAN program is included in this document to achieve the above
tasks. The program user is expected to provide a piecewise linear model of the network

- to be analyzed.

Ha'dfault Modelling:
Open circuited inductances and short circuited capacitances are conveniently simu-

lated without extra work, whereas simulating faults in other elements require the addi-
tion of switches which are normally open (NO) or normally closed (NC). Nodes which
are chosen as test nodes must be considered to form a zero value current source
directed from the test node to the ground node. This is for compatibility with the for-
mulation to make it possible to solve for the node voltages by letting the zero value
current source be a current port in the n-port formulation. The basic idea is to pull the
following elements out of the network to be considered as current or voltage ports as

, shown in Fig. 1.

1. independent voltage sources.
2. independent current sources.
3. normally open switches.
4. normally closed switches.
5. ideal diodes.
6. zero value current sources.
7. inductances.
8. capacitances.

*0 Fig. 2 shows possible ways of modelling some common faults. It can be seen that inser-

tion of a normally closed switch requires the addition of a new node. Similar ideas can

be used in simulating other types of faults. For example, figure 3 suggests a way for
simulating an (,pen circuited base or a short circuited base emitter junction in a piece-
wise linear model of a bipolar transistor.

S
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Fig. 1. Port types in N-port networks.
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F| F.- NC

Fig. 2. Simulation of open and short circuits in resistances.
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Fig. 3. Simulation of open base and short circuited base emitter
junction in piecewise linear models of bipolar transistor.

(Draft Copy) March 30, 1983
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Description and Execution of the program:
The program requires the network description to be stored in a file named data in

a special format. A program "cctl" has been written to accept the network description

from the user interactively and prepare the required file. Any changes or corrections in

the data file afterwards must preserve the required format. The program "cctl" is

compatible with the UNIX f77 compiler. To prepare "cctl" from the source file cctl.f,
use the following command sequence

f177 cctl.f
mv a.out cctl

cctl

The current version of the main program is compatible with the MNF compiler

* that is available on the PVCC CDC 6600 computer system under the control of a dual

- MACE operating system. Files can be moved back and forth between the ECN com-

puters and the PUCC computer using the UNIX "pjs" command. For complete infor-

mation about pjs, see the help file available on the UNIX by typing $help pjs. Gen-

erally the following forms of the command are enough to put a file in or get a file from

the PFILES storage in PUCC:
$pjs - put - use lid] filenamel: filename2

or
$pjs - get - use (id] filenamel: filename2

where
id: is the user id in the PUCC.
filenamel: is the UNIX file name

filename2: is the PFILES file name

If the filename where data is to be transferred is not in the system, a new file will

be created and given the specified name. The computer will then prompt by asking

about the account number and password on the PUCC computer. The main program

•LAFDIC uses the following 4 main subroutines that are available in 4 separate files:

1. HYBRID

2. LEMKE
3. AMBSET

4. FTCODE

None of these subroutines requires simultaneous availability of another subroutine in
the core which makes possible overlay loading in a smaller core size if so desired.
Without overlay loading, the required core size is 134000 words.

."



The simplest way of execution given the source files is to compile every file
separately and keep a copy of the binary object files resulting from compilation to be

loaded individually any time a program is needed.
The deck required for compiling HYBRID is:

12345, ABC, MF77000, CM77000.
PFILES ,, HYBRID.
RFL (77000)
MNF (I = HYBRID, B =BHYBRD, N, L =0
PFILES, PUT, BtIYBRD.
#EOR
#EOF
The parameter N in the MNF command will prevent execution and L = 0 will suppress
listing. The maximum field length and central memory size required for compiling any
subroutine are those required for HYBRID. Therefore the same deck can be used for
compiling other subroutines. The names of the binary files available now on the system

*are BHAFDIC, BHYBRD, BLEMKE, BAMBST, BFTCOD. It has to be noted that the
commands PFILES and MNF automatically set the field length to the default values of

,. 15000 and 45000 respectively. The 45000 words field length is not enough for compiling
* some subroutines. Therefore it is necessary to use the RFL command for adjusting the

field length. The deck required for that is:
ABC, 12345, MF60000, CM60000.
PFILES,, AMBSET.

RFL,60000.
MNF(I = AMBSET, B = BAMBST, N,L =0)
PFILES, PUT, BAMBST.
PFILES,, FTCODE.
RFL, 60000.
MNF(I = FTCODE, B = BFTCOD, N, L =0)
PFILES, PUT, BFTCOD.

PFILES,, LEMKE.
RFL, 60000.
MNF(I = LEMKE, B = BLEMKE, N,L = 0)
PFILES, PJT, BLEMKE.
PFILES,, TESTN.
RFL, 60000.
MNF(I = TESTN, B = BTESTN, N,L =0)
PFILES, PUT, BTESTN.

#EOR
#EOF
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The deck required for execution is

12345, ABC, MF134000, CM134000.
PFILES ,, BTESTN.
PFILES ,, BIIYBRD.

PFiLES,, BLEMKE.
PFILES ,, BAMBST.
PFILES ,, BFTCOD.
RFL, 134000.

LOAD, BHYBRD.
LOAD, BLEMKE.
LOAD, BAMBST.
LOAD, BFTCOD.
LOADX, BTESTN.
REWIND, OUTPUT
PFILES (PUT, RESULT, X = OUTPUT)
#EOR

#EOF

* The last two commands will store the output in a file called RESULT which can be
printed on the line printer afterwards at the user's convenience, or kept for inspection

in the PFILES storage.

Example

The video amplifier in Fig. 4 has the piecewise linear model shown in Fig. 5, where
branch numbers are enclosed in circles while node numbers are written beside the
corresponding nodes. The user-computer dialogue as controlled by "cctl" is shown
next. Next to it is the data file produced. Note the second line in the file which con-
tains 14 integer numbers and a floating point number. This line gives the numbers of
branches in the 14 permissible types of two terminal elements followed by the ambi-
guity voltage range. If the user decides to add or delete any branches before running
the program, he has to modify the number of branches accordingly. The numbers in
the second line follow the same sequence which appears in the question "branch
type?(e,L,..etc.)". The program output follows the listing of the data file.

Simulating Multiple Faults

If several branches are to be considered simultaneously faulty, they should be all
assigned the same fault number as fault 9 in the example. If the fault in some branch
is not required to be simulated at all, the field corresponding to the fault number
should be skipped when replying to the question concerning this branch, as in branch
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48 in the example.

Branch Polarities:
The end nodes of all branches, except diodes and controlled branches, can be

- entered in either order. The values of voltage and current will be adjusted accordingly
to be either positive or negative.

For diodes, the node connected to the n terminal should be entered first to make
both current and voltage positive in either case of being on or off, otherwise he comple-
mentary problem will not be feasible. The program assumes the port voltage and
current convention as shown beside the diode element in figure 1.

For control branches, the order of entering the end nodes must be consistent with
the order of entering the end nodes of the controlled source according to the current

and voltage conventional directions shown in figure 1.

Numbering Nodes and Branches:
Branches can be given any numbers which are not necessarily consecutive. How-

ever node numbers must be consecutive starting from zero, which is to be the ground
node. Branch names can be up to 4 characters which must start by one of the 14 acro-
nyms (e,j,...) shown in the example. The names of the diodes and the test node parts
are the ones to be used in the program output.

References:
1. P. M. Lin, "DC Fault Diagnosis Using Complementary Pivot Theory," Proc. 1982

IEEE Int'l Symp on Circuits and Systems, pp. 1132-1135, May 1982.
2. L. Chua and P. M. Lin, "Computer-Aided Analysis of Electronic Circuits: Algo-

rithms and Computational Techniques," Englewood Cliffs, NJ: Prentice Hall, 1975.
3. P. M. Lin and Y. S. Elcherif, "Fault Diagnosis of Nonlinear Analog Circuits, Vol.

I. DC Diagnosis of Hard Failures," TR-EE 82-21, School of Electrical Engineering,
Purdue University, West Lafayette, Indiana, July 1982.

4. Y. S. Elcherif and P. M. Lin, "Fault Diagnosis of Nonlinear Analog Circuits, Vol.
IV: An Isolation Algorithm for the Analog Fault Dictionary," Final report to

* Office of Naval Research, April 1983.

I.

I-

4



~ 4 Tr~Viceo AmoLifi-r



10-

S0

U>

>Q~ two ,o
U0 In

0

0In n

- --- o (n

00

to b -
to

0Ca 4

The Diec'.wis"(2) 1i..r 'Vode f te v d oL

4M

oI



S cctl-I-
problem title:

a nlew video amplifier circuit
branc h t ype (e '1 ,r , g CC cv vc ,vv ,vt, L ,c ,nc no, d)

branch notfromotoibattery value
796,09-29
branch type(e, j~rtqtcctcvtvctvvtvt ,Ltc nconood):

branch notfromstotattery value
14,2890,28
branch type(etjtrtglccocvtvcvvvvvtLtcqnctnood):

e
branch noofromi'totbattery value

5 4 5 .7
branch tYoe(eqjtrtqtccvcvovcqvvtvtLocenconood):
199119129 *7
branch type~e, jgrvqccccvtvcqvvtvtLocinconood):
e
branch novfronittoobattery value
34,17,18,.?
branch type(etj ,rogtccocvgvc ,vvtvtLicinctnogd) :

branch notfromo'tothattery value
51924,259.7
branch tyoe(e, jqrtqtcctcvgvcvvvtvtLqctnconood)

branch nolfrorrito
49493
branch type(eijtrigocctcvtvcovvqvtLgcgnconogd):

d2
branch notfromtto

10,7,5
branch type~e, jqrqgocctcvtvctvvgvtLtctnctnota):
d3
branch notfrofteto

18,t11, 10
branch tYpe(eo J rggccqcvovc jvvqvt sL9c 9nconotd):

d4
branch nogframtto

2591491?
branch tYne(ejgrtgtccocvovctvvqvtLoconconood) :

d5
branch notfronioto
33917916
branch type(eJorgqoccvcvtvcovvovt ,Loctnconogd):

d6
branch no~fromvto

42920918
branch typece, IrgcctcvtvctvvqvtLtctncgnood):

d7
branch natfromito

0 50924923
branch type(e, jorqgcctcvovcgvvtvtLocinconood):
dR
branch nogfromistc

58927o25
branch type(etjtrtcgcctcvtvcqvvtvtLocsncenoid) :

* nc
branch notfromq~togfauLt r'o(if ooc Is to be simulated)



branch type(e, jprtgtcctcvovcvvvvtLgcvnconota):
ne
branch notfromotogfduLt no(if o.c is to be simulated)

* 16979993
* branch type(ej .rogoccocvtvcgvvgvtLocinconotd):
* nc
* branch notfrow~toofault no(if o.c is to be simulated)

26,9149896
branch type(ej ,rtggcc ,cvovctvvtvtLtconconogd):

* nc
branch notfromotogfauLt no(if o.c is to be simulated)
3191592994
branch type(e, jtrlqtccocvovcovvtvtLocqncgnoid):

nc
branch nottromoto~fauLt no(if o.c is to be simulated)

48922930,,
branch typ)e(e, jortgocctcvovcovvtvtLgcqnconogd) :

n c
branch notfromototfauLt no(if o.c is to be simulated)
609279897

* branch type(e, jgrtgicctcvqvcovvovtLtcgncinood):
* r

branch notfrorritooreslstance value
* 61,19091200

branch type(e, JgregoccocvovcqvvtvtLocqnctnogd):
r

* branch notfromotooresistance value
* 392939500
* branch type~e, jortgocctcvtvctvvovtLtcgnconood):

r
branch no, frorreto, resistance value
6959695670
branch type(etjgrggccvcvvvctvvtvtLtctnconogd):

r
branch no, fromotooresistance value
129798,30 00
branch type(e, 1,rggccccvtvcgvvtvtLtcvnconogd):
r
branch noofrornttooresistance value

* 17,9,10,1000
* branch tyoe(egjorggcctcvovcgvvtvtLvcgnctnood):

r
branch notfromotogresistance value
20912,0,1200
branch type(e, jtrtgqccicvovcpvvivtsLoctncinoid):
r
branch nogfromito, resistance value
219139000
branch type~ei ,roqocctcvtvctvvtvt ,Lvctnc nood):

r
* branch not f rorr, to, r-s istance value

13928989 78
branch type~e, jortqtcctcvovcgvvtvtLoctnconovd):

r
* branch notfromotooresistance value
* 28,129159330
-* branch type(eojorogqcctcvovcgvvovtLqcgnc ,notd)

r
* branch notfron9,tooresstance value



39,912,922,9330-
branch type~e, jgrgccocvgvcsvvqvtLgconconoid):

r
branch notfron',togresistance value
3292991691000
branch type~e, jrtqtcctcvtvctvvgvt.Ltctnc ,nood):

r
branch no, fromgtotrt-sistance value
35,18,199500
branch type(e., JriiccgcvlvctvvovtLic ,nc ,nogd):
r
branch no~from~tc,cs ist ince value
379 199 0912 J0
branch tyoe(eljorqgtccqcvtvctvvovtLiconconood):
r
branch no, fronietoqr.psistance value

40,2098,91000
branch type(e, jortqtccocvqvcovvovtLtc ,ncnood):
r
branch notfromttogres istanc- value
44,21,0,50
branch tyoe(eJtrtgoccvcvtvctvvtvtLvctnconotd) :

r
branch no, from, to, resist ince value

49,9 3 0, 2 3 10 00
branch type(e, jortqtccocvgvc,vtvtLgconc~riotd):

r
branch notfromsto, resistance value
539259 093300
branch type~etj ,rtqvcctcvtvctvvpvtLgconconaid):

r
branch nogfroniotogresi stance value

54,26909,50
branch t ype~e 9 j roggcc cvtvc svvtvt L ,c vnc noid):
r
branch no ,from, to, resi stince value
66919291.e*13
branch type~e, IrtgtccocvtvcvvtvtLtcnconood):
r
branch no ,fromotogresi stance value

6 7, 7,99 , 1.o e +13
branch type(e 9j troscc tcvtvc svv vt 9L ic nc tnotd)
r
branch no, fromotooresistance vaLue

68, 15,29, 1*e.13
branch type~e, jgrtgtccvcvvvctvvqvtLtctncinood):

r
branch noifrornitogresistance value
69,23,24, 1oe+10
branch type~e, jorlqtcctcvovctvvovtLocincinood) :

c c
branch notfromotoicontroL branchicc value
99,75939400
branch type(e, JtrogocctcvtvctvvtvtLtcgnconood):
Cc
branch notfromqtogcontri)L branchocc value

24,14,12,17,67
branch type(ej ,rtgtccgcvtvctvvtvtLocgnconotd):
c c
branch notfrorrttoicontraL oranchocc value



* 41,20,18,32,67-4-
branch type~etj ,rtgvccgcvtvctvvtvt,Lgcvnctrnood):

*~ c
branch no,1romgtotcontroL branchicc value

57927925949967
branch type(ejgrvggccvcvqvctvvovt ,L ctnc ,notd)

* vt5
branch notfromtto

89590
* branch type(eoj ,roqocctcvtvcovvtvtLtcqncgnogd):

vt7
branch nogfromoto

* 110790
branch type(eq j ,rqgqccqcvevc 9vv~vt9L 9c qnc nood)

vta
branch no~from~to

* 59,8,0
* branch ty--,e(esjgroqgccgcvgvctvvtvtLtcgncqnoid)

vtl12
branch no, from ,to

* 27,12,0
branch type(etj ,rsggccocvovctvvtvt.Lgctncgnogd):

* ~vt3
* bianch notfromqto

2291390
branch type~e, jgroqtcegcvtvcovvvvtLtcqnconood):

*v vt 5
-branch notfromgto
* 2991590
* branch type(eoj ,rtgtccgcvovcovvovtLqcgnconogd) :

vtl8
branch' ofroieto
439189,-
branch tyoe(egj ,rgccocvvvcovvovtLicgncgnood):

* vtl19
-branch nogfromgto
* 3691990

branch tyoe(etjgrggccgcvgvcgvvtvtLocincgnotd):
vt20
branch noofromotc

6492090
branch ty;)e(e, JerogtcctcvovcqvvtvtLgcgnconood):

vt22
branch notfromoto

4692290
branch type~e, jrogtccocvgvctvvgvtLtctnctnood):

* vt25
branch notfronioto
5292590
branch tyoe~etj ,rtgqccgcvgvcvvvtvtLgcncgnogd):

* vt26
branch notfromoto
55,26,0
branch type(e, lrtgtcctcvsvctvvtvtLtcgnconotd):

* branch notfromotoofautt no(if s.c Is to be siniutated)

* 239129t3913
branch type(e, 1,rtqqccqcvtvctvvtvt ,Ltcgncnoo):

* no
b~ranch nogfrnnmtoofauLt rno(if s.c is to be simuLated)



2 1 5, R 5
A branch tyrpe(ej ,rt~qccocvovcvvvivtLgconconoto):

no
branch notfromotoofautt no(if S.C is to be simutdtem)

branch tyoe(eojtrogtccicvovctvvtvtLtctnc ,notd):
no
branch notfromotoofautt no(if s.c is to be simulated)
1597912910
branch type(eoj ,rtqtccocvtvcovvqvt.L ,cnconogd):

* branch notfromotoofauLt no~if s~c is to be simulated)
309159 189 11
branch type~egjtrtgtccgcvtvctvvtvtLocgnctnoo):

* no
branch notfroniqtotfautt no~if s.c is to be simulated)

6398P20,99
branch type(fo ,rqccgcvtvcgvvgvtLqconcgnotd):

no
branch notfromitogfautt no~if sec is to be simulated)
47922925912
branch type(ej ,rtqgcclcvtvctvvtvtLgcgncgnogo) :

c
branch notfromotoofautt no~if s.c is to be simulated)
38,1990,14
branch t re(#eaj ,rgqcctcvlvctvvvvtLoctnctnota):

branch nogfromotogfautt no~if sec is to be simulated)
45920921
915
branch type(ejlrtgtccgcvgvctvvtvt ,Lgctnconogd):

c
branch notframotoofauLt no~if sec is to be simulated)

56,25926916
branch type(egjtrogoccocvtvcovvqvtLqcgncinotd):

stop
ambig set ran'qe:
1.4
file name where data is to be stored:

* data
S
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the first two Lines ,ire for nrogram use, 00 NOT delete thtm -16-
5 0 6 01 22 0 4 0 0 0 12 6 4 0 .140e+00

a new video amoLifler circuit
branch from to control vaLue fault for Proqram
type no node node branch no. use only
e 7 6 0 -. 280e+02 e
e 14 28 0 *280e+02 e
e 5 4 5 .700e+00 e
e 34 17 18 *700e+00 e
e 51 24 25 .700e+00 e
nc 1 1 2 0 e
nc 16 7 9 0 e
nc 26 14 A 0 e
nc 31 15 29 0 e
nc 48 22 30 0 e
nc 60 27 8 0 e
dl 4 4 3 P

d2 10 7 5 e
d3 18 11 10 o

4. 01 25 14 12 e
d5 33 17 16 e
d6 42 20 18 e
'd7 50 24 23 eSd8 58 27 25e

"r 3 5 0 361 1 0 .120e+04 r

r 6 565670 *567e+04 r
r 12 7 8 300e+04 r
r 17 9 10 .lOOe+04 r

- r 20 12 0 .120e 04 r
- r 21 13 0 .500e+02 r

r 13 28 8 .780e+02 r
r 28 12 15 *330e.03 r
r 39 12 22 .330e+03 r
r 32 29 16 .lOOe*04 r
r 35 18 19 .500e+03 r
r 37 19 0 .120e+04 r

' r 40 20 A .100e+04 r
r 44 21 0 *500e+02 r
r 49 30 23 .lOOe+04 r
r 53 25 0 o330e 04 r

" r 54 26 0 .500e+02 r
" r 66 1 2 .100e+14 r
* r 67 7 9 *100e+14 r

r 68 15 29 .100e+14 r
r 69 23 24 .lOOe.l r
cc 9 7 5 3 .400e+03 cc
cc 24 14 12 17 .670e+02 cc

* cc 41 20 18 32 *670e.02 cc
cc 57 27 25 49 ,670e+02 cc

" vt5 8 5 0 1
vt7 11 7 0 j
Vt8 59 A 0 1
vtl2 21 12 0 1
vtl3 22 13 0 1
vt15 29 15 0 1
vt18 43 18 0

4 vtl9 36 19 0
vt2o 64 20 0 1
vt22 46 22 0 1

4 i ++.,

- * - .



vtZS 52 25 0 1 17-
vt26 55 26 01
n o 2 1 5 13 1
no 65 1 0 1
no 15 7 12 9 1
no 30 15 18 10

*no 63 8 20 111
no 41 22 25 9
c 23 12 13 12 1
c 38 19 0 1i

*c 45 20 21 15 1
c 56 25 26 1s 1



fouLt-vt table

fauLt as 1 2 3 4 10 1 SI

* 03 -7.204.-S1 -2.800.-SI -7.204.-Cl -7.2040-0i -7.2'04r-01 -7.204r-0i -4..e-.OV -7.tqi.-Ol -7.704P-01 -7.Vr4 -0i

Vt, 1.i46**O 2.415901 1.3236-01 5.844e.00 I.IfieCi 1. 144e.01 2.415C.01 i.i47e.51e '2.C . '-0

* to 2.625@*01 2.515@#01 2.7(3-Si ?.730e.Ci 2.447e.oi 2.632#-Cl 1.51!e.Ci 719'.3 .7 -0 1 2.,''- ri

w ti2 i.863e.Si 2.3ile*SI 3.79it-12 ?.79i..SS 1.103p.Oi i.058e.Oi 2.'lIe.Ol 1.064-001 3.42reS( 1.'-e 0

0tiS 0 0 0 0 a 0 0 0 C 0

wt2@ 2.054.-Si1.9.0 2.7.3c.Ci 1 10*C 2.f,67.*Q1 7.066P-01 1. 7'!@*Si 2.662..Si 2.151P-01 2.',!2eC 1

0*22 i.SGI**Si 2.306001 3.12.-I 2 2-76SP00 1i.i0te*01 9. A73e.O0 2.3r-ee.Ci t.042..S 3.EIP,.SOo .039P-01

wt'1 9.47..S0 2.22l.-Si 4.0i1.1-10 2.079e#00 1.026P.01 ?.0400.00 :.2780.01 9.Peee.5S ?..04r*SC S.4.2.0

.026 a0 0 0 0 0 0 0

fault re 12 13 14 is 14

utl -7.2849-01 -7.204*-S1 -7.204@-SI -7.204e-Si -7.2040-01

wt? i.136@eOi 4.092@-00 i.06te.S1 9.703e-00 t.B62P.0(

0*0 2.627#*01 2.224e*Si 2.943*.SI ?.465e.Si 2.124-001

utI2 1.649o#01 3.208vS 9t86 .S 9.80e.00 5.795*.00

.tIs S 3.205.SS 5 0 0

.111 t.06so0 3.201.006 IA.4q7**0G 7.1474-00 1.78to.I0

W010 9.417..,, 2.4009.00 8.0.47.01' I.37?.00 5.037..00

4 119 6.@31..00 i.750.O 3.1290-14 9.710.-SI 3.155.CO

Otto 2.047o.Si 2.040..Si A.40?9.00 1.377#00 1.9Mr-81

wt22 S.124..SS 3.20S*.50 9.0i2..CO 0.0SP..00 5.435e-00

.121 9.SS4@*0S 2.493*#SS q.0?2@*Dg 8.S?p.0 3.4470-00

.524 00 0 53.447v-00
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a new video ampLifier circuit

branch from to control value fault
name no node node branch no

e 7 6 0 -2.800e 01 e

e 14 28 0 2.OOe Ol e

e 5 4 9 7,OOOe-01 e

e 19 11 12 7.000 -01 e

e 34 17 19 70O00e-01 e

e 51 24 25 7000fe-01 e

nc 1 1 2 2 e

nc 16 7 9 3 e

nc 26 14 8 6 e

nc 31 15 29 4 e

nc 48 22 30 0 e

nc 60 27 A 7 e

dl 4 4 3 e

d2 10 7 5 e

d3 18 11 10 e

d4 25 14 12 e

d5 33 17 16 e

d6 42 20 18 e

d7 50 24 23 e

d8 58 27 25 e

r 6!. 1 0 1.200e+03 r

r 3 2 3 5.000e+02 r

- r 6 5 6 5*670e 03 r

r 12 7 8 3.000e 03 r

r 17 9 10 1,000p+03 r

r 20 12 0 1,200e+03 r

r 21 13 0 50000e+01 r

r 13 28 8 7o800e+01 r

r 28 12 15 3.300e+02 r

r 33 12 22 3o300e+O2 r

r 32 29 16 1,OOOe+03 r

r 35 18 19 5.000e4-02 r
r 37 19 0 1200e+03 r

r 40 20 8 1,000e 03 r

r 44 21 0 5,OOOe Ol r

r 49 30 23 1,000.+03 r

r 53 25 0 3,300e+03 r

r 54 26 0 5,000-01 r

r 66 1 2 1,000e413 r

r 67 7 9 1,000+13 r

r 63 15 29 1,000e+13 r

r 63 23 24 10000e+10 r

c c 9 7 5 3 4*OO0e+02 c c
cc 24 14 12 17 6o700e+01 cc

cc 41 20 18 32 6.700e 01 CC

c c 57 27 25 49 6.700e.01 c c
vt5 8 5 0 1
vt7 11 7 0
vto 59 8 0

- vtl2 27 12 0 1
vtl3 22 13 0 1

vtI5 29 19 0 i

vtI8 43 18 C i
vtl9 36 19 0 1
vt20 64 20 0



vt22 46 22 0 1 20 -
vt25 52 25 01
vt26 55 26 01
no 2 1 5 j
no 65 1 0
no 15 7 12 10 1
no 30 15 18 11 i
no 63 8 20 1
no 47 22 25 12 1
C 23 12 13 13 i
C 38 19 0 14

-:c 45 20 21 1 1
c 56 25 26 1~

diode current diode voLtage

dl 1.20e-05 0

d2 0 1.218e+01

d3 lo32le-04 0

d4 0 1.563e.01

d5 8*488e-05 0

d6 0 1*075e401

V7 49397e-05 0

d8 0 1 .63-Re+0 1

nominat test node voLtages

node vottage

vt5 -7*204e-01

vt7 1.146e.01

vt8 2e625e+0t

vt 12 1.0(-3e+01

vtl30

vtl5 lo060e+Ol

vtl8 9*8l3e+00

vtl9 6*927e*00

vt2O 2o056e.01

vt22 1.061e*01



FvtZa *j*8b e.UD
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vt26 0

node no: vt5

set center from to set code

1 1 -1.120e 00 -3.204e-01 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1

2 2 -2.B40e+01 -2.760e.01 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

3 8 -5.291e¢00 -4.491e.00 0 0 0 0 C 0 1 0 0 0 0 0 0 0 0

node no: vt7

set center from to set code

1 1 1,106e+01 1,166e+01 1 0 0 0 0 1 0 1 0 1 1 0 0 0 0

2 2 2.375e+0l 2.455e01 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

3 3 1.283e+01 .363e+01 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4 6 5.444e00 G.213e0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

5 4 1°166e.O1 1.226e.01 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

6 10 39222e+00 4o022e+00 0 0 0 0 0 0 a 0 1 0 0 0 0 0 i

7 13 4.492e+00 5,292e 00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 .

8 14 1.025e.01 1°109e.01 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

9 15 9.303e 00 1.010e*01 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

10 16 0.213e+00 6.982e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

node no: vtg

set center from to set code

1 1 2°585e.01 2.64c6+01 1 0 0 0 0 1 0 1 0 1 1 0 0 0 0

2 2 2.490e.01 2*555e.01 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0

3 3 2°741e*01 2o803e+01 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0

4 4 2.646e.01 29693e 01 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

5 10 2.693e 01 2*74 101 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0

6 13 2*184e*O1 2o264e 01 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

, , . 2 -+. • . . -. • -. , ." . ".- .~. 2'.-°. -



7 15 2.425e+01 2o490eO1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 -2

8 16 2 084e 01 2.164e+0l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

'- node no: vtl2

set center from to set code

1 1 1o023e+O1 1.083e+01 1 0 0 0 0 1 0 1 0 1 1 0 0 0 0

2 2 2.271e+0l 2.351e+01 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

3 3 -4*000e-01 4.000e-O1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4 6 2.391e+00 3oO00e+00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

5 4 1*083e.01 1.143e+01 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

6 10 3o415e*00 4.022e.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

7 13 3.000e*00 3o415e+00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 fn

8 14 9o425e+00 1o023e+01 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

9 15 8o420e+00 99220e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

10 16 5*395e+00 6*195e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

node no: vt13

set center from to set code

1 1 -4000e-01 4.OOOe-01 1 1 1 1 I 1 1 0 1 1 1

2 13 2o808e*00 3*608e+00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

node no: vt15

set center from to set code

1 1 1*020e 01 1o081e 01 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0

2 2 2,160e*01 2.240e.01 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

3 3 -4OOOe-01 4.000e-01 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4 6 2°385e.00 2°993e 00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

5 4 1o081e.01 1.143e+01 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

6 10 3.408e+00 4.014e 00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

7 11 8.317e+00 9.117e+00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0



v.

8 13 2.993e+00 3.40Pe 00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

9 14 9-297e+00 1.OlOe+01 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

10 15 6,747e+00 7.547e+00 0 0 0 0 0 0 0 0-0-0 0. 0 0 1 0

11 16 5,380e+00 6.*19Oe 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

node no: vt18

" set center from to set code

1 1 .4!3e 00 1 021e+01 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0

2 2 1 .755e+01 1 835e.01 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

3 3 -4.000e-01 4,000e-01 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0

4 6 1.722e+00 2*27!e+00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

5 10 .2.684e+00 3.289e+00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

6 11 8.317e+00 9117e+00 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

IN 7 13 2.273e00 2.6g4e+O0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

8 15 9,767e-01 1,722e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

9 16 4,637e 00 5,437e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

" node nu: vtl9

set center from to set code

1 1 6.540e+00 7*327e 00 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0

2 2 1.227e+01 1.307e.C1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

3 3 -4,000e-01 4.000e-01 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0

4 6 1*215e+00 1*749e 00 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

5 10 1.74 9e+00 2,439P+00 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0

6 11 5.753e 00 6*540e*00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

7 15 50718e-01 1,215e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

8 16 3.1535e+00 3.955e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

node no: vt20

Set center from to set codAS.



1 1 2.016e,01 2,096e+01 1 0 0 0 0 1 0 0 0 0 1 1 0 a 0

2 2 1.755e+01 1.835e+01 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1

3 3 2*723e-01 2.803e 01 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0

4 6 2,581e.01 2.63Hee01 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0

5 4 2,638eOl 2.707e.01 0 0 0 0 1 0 0 0 0 0 0 0 0 0 9

6 10 2.511e.01 2,5RAe.01 0 0 0 0 0 0 0 0 1 0 0 0 0 0 C

7 14 8.20 7e 00 9.007e+00 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0I
8 15 9.767e-01 1.777e.00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

node no: vt22

set center from to set code

1 1 1o024e#01 l.lOleOl 1 0 0 0 1 0 0 1 0 1 0 0 0 0 0

2 2 2.268e.01 2*348e 01 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

3 3 -4.OOe-01 4.OOMe-01 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4 6 2.388e+00 2.996e+00 0 0 0 1 0 0 0 0 0 0 0 0 0

5 7 9,473e.00 1.024e.01 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0

6 10 3.411e+00 4,0!8e+00 0 0 0 0 0 pC ',. 1 0 u C! 0 0 0

7 13 2,996e+00 3o411e+00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

8 15 8*408e*00 9*208e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

9 16 5.035e+00 C-,835e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

* node no: vt25

set center from to set code

1 1 9.469e 00 1.027e+01 1 0 0 0 1 0 0 1 0 1 1 0 0 0 0

* 2 2 2,188e.01 2.268e+01 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

3 3 -4,000e-01 4.O00e-O1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4 6 l.679e+00 2.2A6eOl 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

5 7 6,640e.00 7,440e*00 0 0 0 0 0 1 0 0 0 0 0 0 0 0 u

' 6 10 2.6 9 9e+00 3.276e+00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

7 13 2,286e.00 2.699e+00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

4,



8 14 R.;72e+00 3 .46S c3C 0 0 0 0 0 0 C 0 0 0 3 0 1 3 0 25

9 15 7.672e+00 R1.472e+01 0 0 0 0 0 0 0 0 3 0 0 0 0 1 0

10 16 3.276e+00 4 .047e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

node no: vt26

set center from to set code

1 1 -4.000e-01 4.O00e-01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

2 16 3.247e 00 4 .047e+00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

fault fault code

vt5 vt7 vt8 vtl2 vt13
f 1
i,- 1 1 1 1 1

191f 9

1 1 1 4 1
f 12

1 1 5 1 1
f 7

1 5 5 1 1
f 2

2 2 2 2 2
f 8

2 2 2 2 3
f 3

3 3 3 3 1
Sf 6

4 4 4 4 1
f 4

5 1 1 5 1
fl1

6 6 6 6 1
f 1

7 1 1 4 1
f13

8 7 7 1 1
1 14

9 8 5 7 1';. f15

10 9 8 8 1
f16

11 10 9 2 1
Oeor
" eof

S
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C

c program cctl for acceOtinn network topology for fault sifuL-
c tion and oroducing a soecial format output file cont.}tni.
c the network information. The output fiMe name is specified
c by the user. To ue compatible with the "hafdic" oroqram,

c tne output file should be named "data".
c
c internal variables

* .C
c ne number of independent voltage sources

c nL number of inductances
c nnc number of normally closed switches

C nd number if ideal diodes
c nr number of resistances
c nq number of conductances

c ncc number of current controlled current sources
c ncv number of current controlled voltaqe sources

c nvc number of voltage controlled current sources

c nvv number of voltaqe controlled voltage sources

c nvt number of test nodes
* c nno number of normaLy open switches

c nc number of capacitances
c nj number of independent current sources
c or vector containing branch numbers
c nit vector containing fault numbers

. c b3t vector containing batterry values
c cur vector containing values of inaependent current sources
c c nfrom vector containing source nodes of the corresoonoing

c branches
c nto vector containing destination nodes of the corresoond-
c ing branches

' c icont array containinq control branches.

c x array containing values of resistancessconductancps
c and control branches*
c title array containing oroblem title
c ch array containing branh names
c fiLnam character variable containing file name soeciftie by

c the user for storing data
'* c

c Limitations

c 40 nodes
c 90 branches

c 40 voltage independent sources
- c 40 current independent sources

c 40 dependent sources (all kinds)
* c 60 resistances or cinductances

c
*I  c

c-------------------------------------------------------------- ----------
c

integer nft(90)tbr(90)
dimension bat(30)ocur(30)nfrom(U0Otnto(90)ticont(4,90)
dimension x(6940)
character*80 title

4o character*4 istooqch(90)
cnaracter*20 fiInam
character,1 iei iii ,irtiriLttidgic
character*2 incivttinoticcoicvttvc ivv

Ii



data iccticvojvc, vlcllvovcovo
data istoptietij ,ii,ireiq/9 stop9,Ie9,fjooi ','r','q'/
data iL, inc i a.i vt ino, IcI' L ' ,nc ' ,df t' , lno' , 'c '/

c
ne: 0
n L =
nnc :0
nd=0
nr=C
ng=0
ncc=0
ncv :0
nvc=0
nv v :
nvt=0
nno0O
n c 0
n j 0
no=0
print','probtem titte 'I read( 5,'(a80)) titLe

L do 5 i1990
5 nft(i)=o

C
do 100 k=1,9C

C
print','branch type(etjirqgtcctcvtvctvvtvtLgctnc~onood '

read( 5,'(aW)) ch (k)
if(ch(k)eeqoistoo) go to 110
iftch(k)( 1:1) .eq.ie) then
ne~ne.1
rip:no.l
print', 'branch notfromotovbattery vaLue'
read*, br~k) ,nfrom(k ) nto~k)qbat (ne)

eLseift(ch (k )(1:1) .eq. iL) then
nLn1.1
np~np. 1

print','branch noifromstoofautt no(if oac is to be simuLated)'
rea3d' br( k ) nf romC k ) nto(k) ,nft Cno)
eLseif(ch(k) (1 :2).eQeinc) then
nnc~nnc,1
no~np. 1
PrInt*,'branch noifromitotfautt no(if oec is to be simulated)'
read',Or( k),nfrom(k),nto~k),nft~no))
eLseif(ch~k) (1:1).eQ~id) then
nd=nd,1
no~np.1
print', 'branch no,from~tot
reaa*,br(k),nfrom(k),nto(k)
etself~ch(k) C1:1).eqoir) then
print', 'branch no, fromtto, resistance vatue'
nr~nr. 1
reac',br(k),nfrom(Ic),nto~k),x(lnr)
eLse f (ch (k )(1:1) .eq.ig) then
Print','oranch nafromotoocondluctance vaLuel
n q :n'j, 1

4 reao'tbr~k)tnfro'm(k)onto(k),x(2,ng)
eLseif(ch(k)(1:2).eooicc) then
Print','branch notfroniotoqcontroL brandhocc vaLue'



read*,br(k),nfrom(k),rito(k),icont(lncc),x(3,ncc) -29,
etseif(ch(k) (1 :2.eq.icv) then
Prlnt*91branch noqfromqtoqcontrot branchqcv vatuet
ncv~ncv.1
r eao*, b r k),n from Ck ) ,nt o Ck ) Icon t (2,n cv ) ,x C4 .ncv)
etseif(ch(k) C1:2) .ea.ivc) th~en
orint*,'branch notfromototcontroL brdnch~vc vaLuev
nv c =n v c+
read*,D~r(k),nfrom(k),nto(k),icont(3,nvc),x(5,nvc)
eLseif(ch(k)(j1).cQ.ivv) thpn
orint*99oranch noqfromqtoqcontroL oranchqvv vaLue'
nvv=nvv, 1
read*,rr(k),nfrom(k)snto(k),icont(4,nvv)gx(6,nvv)
eLseif(ch(k) (1:2).eq. ivt) then
nvtznvt.1
flQ fl
print* ,'branch no ,fromgto'
read*, br( k) ,nfrom( k),nto( k)
eLseif(ch(k) (1:2).ea.ino) then
nno~nno .1
npznp. 1
Print*,'branch noqfrom~toqfautt no~if s.c is to be sirmuLaiterd)l
read',br(k),nfrom(k),nto(k),nft(np)
eLseif (ch (k) (1:1) .eo.icoandech(k) (1:2) .re. icc~and.ch( k) (1:?) .re.

+ i cv) then
nc~nc .1
nplnlD+
print*,'branch notfromstoofauLt no~if sec is to be simu1ited)'
read*,br(k),nfrom(k),nto(k),nft (no)
eLseif(ch(k) (1:1).eq.ij) then
nj n +I
np~no.1
print*,'branch notfromoto~vatue of current source'
read*,br~k),nfrom(k),nto(k),cur(nj)
e Ise
go to 100

endlif
100 continue
110 print*9,"ambig set range :11

reac' vamr
print*91fiLe name where data is to be stored:'
read( 5,'(a?0)) 11i~nam
open( unit =7,f ite~fitnam, sta tus 'new' )
rewind 7
write(79'("the first two Lines are for program' use* DO NO)T deLe

+ te them'")')
write(7,' (14i3qelO.'i' ) neonL~nncindinrtnqvnccincvonvctnvvenvt,

41 nnoqncqnJqamr
wr it e (7 9'1(a8O)') title
write(79'("l branch from to controL. vaLue fault for

+ program")'
write(799(t ltype no node node branch no* Usti

+ ontl"))
.4 np= 0

ne=O
do 120 i:1,k
i f(chC 1) (1 1) .ea. e) then
ne ne.1
npnp2*



wrlte(7,290) ch(i),br(i),nfrom(l),nto(i),nat(ne),le 3
endi 

30

120 continue
nL=0
do 130 iz1,k
if(ch(l)(1:1).ea. iL) then
nL~nt.1
np~np.1
write(7,260) ch(l),br(l),nfrom( i),nto( l),nft(np),ie
endi f

130 continue
* nnc=0

do 140 i =1 *k
ifchi)1:2).eq.inc) then
nnc znnc.1
np: np+ 1
write(7,260) ch(i),br(i),nfrom(i ),nto(l),nft(no),ie
end if

*140 continue
nd :0
do 150 i:1tk
if (ch (1)(1:1) *ei. Id) then
nd~nd. 1
np~np. I
writeC ',270) ch(l)9br(i),nfrom(1),nto(i),le
endi f

150 continue
nr=0
do 160 i:1,k
lf(ch(i)(1:1).eo.ir) then
nr~nr,1
write(792r'0) ch( I) br( i),nfrom(1) ,nto(i),x(1,nr),ir
endi f

160 continute
nq:0
dco 170 izlsk
ifch(i)(1:1).neoig) go t'n 170
nqznq+ 1
write(7,250) ch(i ),br( i),nfrom~i),nto(i ),x(2,ng).g

170 continue

do 18~0 I:1,k
ifchdi)(:2).ne.icc) go to 180
nc c~nc c.
write(7,280) ch(i),br(i),nfrom(l) ,nto(i),lcoi,t(1,ncc),x(',ncc),icc

180 continue
ncv=0
do 190 i= 1,k
if(ch(i)(1:2).neilcv) qo to 190
ncv~ncv.1
write(7,280) ch(i ),tr(i),nfrom(i ),nto(1 ),icont(2,ncv),x(4 ,ncv), icy

*190 continue
nv c 0
do 200 iz1,k
if(ch~i)l:2).ne.ivc) qo to -.)Do

* nvc~nvc.1
write(792P,0) ch(I),br( ihnfrom(i),nto(i)ticont(3,nvc),xc ,nvc),ivc

200 continue
nvv0O
do 205 i1,tk



lf(ch(l)(1:2).ne.ivv) go to 205 -1
nvv~nvv~l
writeC 7,280) ch~i)sbr(i),nfrom(i ),nto(i),icont("* nvv)*x(r39nvv), ivy

205 continue
nvt=0
do 210 i:1,k
if(ch(i)(1:2)ore.ivt) go to 210
nvt~nvt.1

210 continue
nno=0
do 215 i~lgk
if(ch(i)(1:2)*rie-ino) go to 219
nnonno,1
np~np. 1
write(7,260) ch~i),br~i),nfrom(i) ,nto(i),nft~np),ii

215 continue
nc=0
do 220 i=1,k
if(ch(i)(1:1).ne.ic) qo to 220
if(ch(i)( 1:2).eo.icc.or.ch(i)(1:2)eeq.icv) go to 220
ric~nc. 1
flI) oflQ
write(7,260) ch(i) ,br(1),nfrom(i),nto( i),nft(np),ii

220 continue
n :0
do 225 i~1,k
if(chci)(1:1).neoij) go to 225
n j =nj1
np~no. 1
write(79290) ch(i),br(i),nfrom( i),nto( i),cur(nj),ii

225 continue
250 format (a4,i4,2i5,7xoelO.3,9xta2)
260 format(a4, i4,2i5q17x~i3,6cqa?)
270 format(a4,i49215,26x~a2)
280 format (,14i493i592xtel0.3,9xga2)

end
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c ....- -33-
C
c orogam : hafdlc
c

C hafdic is a program for simulating hard faults in piecewise
c Linear analog circuits and generating a fault dictionary.
c fault simualtion is accomplished by a compLemntary pivot alq-
c orithm for solving a subset of the circuit equilibrium ecuat-

- c ions* which are formulateo only once in the beginning of thp
c program as detaileo in vot~l of "fault diagnosis of nonlinear
c analog circuits", a dictionary is finally contained in two
C tables of testnode voltaqe ranqes and numeric fault codes.
C
C system: cdc-6600, dual mace, mnf compiler.
C
C programmer: yassin eLcherif
c
C------------------------ ------------------ ------------ -----------------------

c input aata:
c
c a special format file "data" must be available in the pfiLeq
c storage of the same user id specified in the batch Job card.
c see program "cctl" for oreparing the data file.

c internal variables
C
C oat vector containing battery values
c c vt vector containing test node voltages for the currently
c simulatea fault.

. c cur vector containing values of current sources.
c nft vector containing fault numbers

. c header vector containing the problem title
c br vector containing branch numoers
c type vector containing branch tyoes
c nfrom vector containing the source node of the corresoondinq
c branch
C nto vector containing the destiny node of the corresoonainq
C branch
C value vector containing element values
c icont vector containing control branches of dependent sources
C ch array containing branch names (4 characters each)
c ksim vector containing port branches to be simulated 3s faulty
c under the same fault number (multiple fault cases).
C isim vector flag for to identify faults that have been siiulatei

*c
C Limitations
c max number of nodes 40
C max number of brances 90
c max number of batteries 30
c max number of independent cuurent sources 30
C max number of faults 30
C € max number of diode; 90
c max number of test nodes 30

. c max number of faults to be simultaneously simulated 10
C
C error messages

* C there are two cases when a fault cannot be simulated ,

F"



c in thte first case a zero pivot is encountered in reduci,,ci tn- - 3
-*c equations to formuLate the comolementary orobLem, the liuLt

c will be skipped ana the foLLowinq error messeqe will be orinted:
c "fault no:CxJ

*c zero pivot-nonzero colcompLementary problem cannot be TformuLat'.l
c in the second case the Lemke complementary Pivot algorithm will
c terminate in a ray. the fault wilt be skipped and the foLLowinci
c messege will be printed:
c "fault no:Cx]

*c no complementary solution iteration notx)"
c
c debugging
c
c to print out the complementary DrobLem and the diode currents
c and voLt-,-'s for every fault simulation set the variable
c irpdebug: n Line 2S0
c to print th~e same information for the nominal case only
c set ipfLl in Line 195
c
C-------------------------------------------------------------------------
C

Program hafdic(datattape5=datatoutout ,tape6=output)
c

dimension bat(30)9vt (30),nft(90),cur(30)
common/00'/amtqtwvz,11,bqnLlonL2,atneltne2,irombasissizr
dimension am(50,!0) ,b(50,50),qC50),aC50),mbasis(1OO)
dimension w(50) ,zC'O)
dimension nff(30)
integer aagheader ,or type
common aa(409O)oans(90,180),header(320) ,nfrom(90),nto(90)
common br(90),type(90) ,vaLue(90),icont(90)
integer cn(2990)oiij jtiSimC9O),ksim(10)

c
do 1 i=1990

1 n ft ( 1 0
rewind 5
read(591O1) Cheader~i ) i=1980)
read( 59102) nbonlgnncindonrtnqtncconcvgnvcqnvvtnvtvnnoqncenj ,amr
read(591O1) (header( i) i~1,8O)
write(6,1011) (header~i) ,i19BO)
write(691O7)
wr iteC 6,108)

np=0

whiLe~i.Le.nb) do
npznp,1
read(59103) ch(lihtch(2,i),br~i),nfrom(i),nto(i ),bat(i) ,tyoe(i)

endwhiLpe
n~nn~n I
while(i.Le.n) din

write(6,1041) ch(1,i ),ch(2,i),br(i),nfrom(i),nto(i)tnft(no),
*type( i)

endwhite



n~n~nnc -35

white~ioteen) do

readC5,104) ch~loi),ch(2,i)tbr~i),nfrom(i),nto(i),nft(no) ,tyne( i)
write(6,1041 ) ch(li),ch(2,i)br()nfromil) ,nto( i),nft(np),

endwhi Le
n~n~nd

* white(i.Le.n) do
np~np.1

* read(5,105) ch~lti),ch(2,i),br(i)nfromlCi),nto(i),tyoe( 1)
writeC691051) ch~loi),ch(2,i),br( i),nfromf(i)nto(i),type(i )

endwhite
* n~n+nr~nq

whiLe~i.Le.n) do
read(591O.3) ch(l,1),ch(2,i)tbr(i)nfroi( i),nto(i),vaLueC i),tyoe( 1)
writeC691031) ch~loi),ch(2,i)tbr(i),nfrorn.(i),nto(i),vatue(i ),

+*type l)

endwhi Le

white~i.een) do
readC 5, 1O,) ch( 1,1),ch(2,i), brC 1) nfrom Ci) ,nto (i),i cont Ci)g

'vaLueC ) type( 1)
write(6,1061) ch~loi )tch(2,i),br~i),nfrom(i),nto(i),icont(i),

endwhite
n~n~nvt
whiLe~i.Le.n) do
np~np*l
read(59105) ch(1,i),ch(2,i),bri ),nfroni ),nto~i),type(i)
writeC6,1051) ch(li),chC2,i),br(i),nfrom(i),ntoi),type(i )

endwhlte
n~n~nno~nc
whlLe(ieLeen) 00
np~no*1

write(6910t1) ch(1,i) ,ch(2,i),br( i),nfrow( i)tnto(i),nft(np),
+type( 1)

endwhitie
n =n .nj
k=O
white(i.Le.n) do
np~np.1

* readC59103) ch(1,i),ch(2,i),br(i )tnfrom(i ),nto~i),cur(k) ,tyoe(i)
write(6,1031) ch~loi )tCh(2,i)ebr(i),nfrom(i)tntc(i),cur(k),tyoe( i

endwhite
101 format(SOal)
1011 format~lhl930x980a1)

* 102 format(1413selOsD)
103 format(a2,a2,i4,215,7x .elO.3,9x ,a2)
1031 format (2xta2,82,14,215,7xtelO.3,9xta2)
104 format(a2,a2,14,2i'5,l7xi3q,;xta2)



1041 format(2x va2,a 29149 215 917x v13,6x~a2) 36
14 105 format(a2,a2, 1492i5,26x~a2)

1051 format(2x~a2va2. i4,215,26x,-2)
106 format (a2,a2, i4,3t5,2xte10.3,9xoa2)
1061 format(2xoa2,a2. 14,3i5,2xvelO.3,9xta2)

* 107 formatC branch from to controL, vaLue fauLt')
*108 format('name no node node branch nt

C

rndv~nd~nvt
nl1 nb~n I nnc
ntbnp~nreng~ncc~nc v~nvc~nvv

c obtain hybrid matrix

call hybrld(ii ,j ,O~ntb)
ipf L=1

c obtain number of non-port branches

c form and soLve the compLementary problem of
c the nominal case
C

do 4 i:1,ndv

do 2 IJ1,nd
2 amC itj)=ans(i~nl.iitl+np~n1.fl )

do 3 Jzlgnb
3 .q(i):q( i).bat(j)*ans(i~nli itj~np~jj)

n~n14.nd~nr+ng~ncc~ncv~nvc~nvvnvtnno~nc
if(njone.0) then
do 303 J:1,nj

* 303 q(I)=q(l).cur(j)*ans(ii~nl~itj'npri~j)
end if

4 continue
if~lpfL~eqo1) go to ?01
write(6, 19)
ndg=o

*2012 ndg~minO(ndtndg.9)
do 2020 il~nd
if~ndg.Lt.nd) then
write(6,20) (am(iqj) ,J=L~ndQ)
else
write(6,20) (am(i~j ) ,j=lndq) ,~i )
end if

*2020 continue
1:1.9
if(ndg.Ltend) no to 2012

4201 caLL Lemke(nd)
c zero out vt(i)
c calculate and print out node voLtaqes of the nominal case
c

do 5 i11nvt
5 v t i = 0 0

do 7 i:1,nvt
vtM( )vtMC -qC 1.nd)
do 7 j:1,nd



7 vt(i) :vt (1)-am(i~nd~j ) z (j) -37-
do 16 i:1,nvt

16 ans.(i,1)=vt(i)
n3=nl
n4=nl~nd~nrng4.ncc~n cv~nvc~nvv
writeC6, 10)
write(698) (ch(l,1.n3),ch(2,i+n3),w(1 ),z(i),izltnd)
writeC 6,11)
write(6,9) (ch(1,i~n4)ochC2,i~n4),vt( i),1:1,nvt)

10 format(//l0x,'diode current',flxidlode vottage')
formatC/5x,2a2,elO.1v~193x e1O.3)

*11 format(//2x'nor'inaL test noce voLtages'//5x,'nodc't,x,'voLtiw'f)
9 format(/5x,2a2v~x~el0.3)

19 formatC/2x'comaLementary orobLetm'//5xq'coeff miatrixt Last coL:*il)
20 format(/10(lxqelO.I) )
18 forniat(//2xttno of iterations 90i3)

nbl~nb.1
nnf =0
z era: 16e-8
i debug=0
do 400 i1990

nnf =1
n ff (1 1

C
c Loop to simutate fautts
C

do 90 nf~nblgnp
if~nf.geon) go to 90
if(ntt(nf).eq*D) go to 90
if(isim(nf).eoe1) go to 90
do 320 i1910

320 ksimMi):
M=O
do 330 k~nfonp
if(nft(k).ne~nft(nf)) go to 330
M=m,1
ksim(m) =k
i s i m (k) =1

330 continue
i f Lag=0
if(ffgt~fll.afld~ff.Le.(nl~nidv)) go to 90

C

c simuLate onLy fautts identifiled in the input
C

* 150 do 23 i:1,ndv
1(i :. 0

do 21 j1,nd
21 am~itj)=ans(i~nl.1iiono~nljj )

do 22 J:1,nb
* 22 Q(i )=Q(j).bat(1 )*ans(ienl.iitj4~npej3)
* nnl~nd~nr~ng~ncc encv~nvc~nvv~nvt~non

lf(njoneo0) then
do 322 J:1,nj

* 322 a(i)=q(i),cur(j)*arts(ii.nl.i ,jj~no~nj )
end If
am( i nd. ) =o(1 )

U do 340 19m
k~kslmc L)

340 am( Iond.1.L ):ans(ii.nli ,jj~np~k)

- -



23 continue -38-

c

ndvm~ndv~m
ndvlndv.1
do 345 indvlqndvm

345 amC1,nd.1)=0.0

do 360 i~ndvlondvm
kf~ksim( i-ndv)
do 346 j~1,nb

346 am~ignd.1)=am(ignd.1).tat(J )*ans(ii+kfijj+no~j)
do 347 J~1,nj

347 am( iond+l)=am(iond+l)4cur~j)*ans(1iikftjj~nD~n.I)

do 348 J~lqnd
348 am(i1,j)=ans( ii~kfgjj~np~n4.j)

do 349 t1,vm
k=k s im ( L

349 am(itnd~l+L )ans(ii~kftjj4~np+k)
360 continue

do 390 1,m
pivot=am(ndv+L ,nd+l)
if(abs~pivot). Lt~zero) then
do 370 i~1.,ndvm
if(abs(am(i ,nd+l+1) ).qt.zero) then
print 3(,nft~nf)

361 format(//'fauLt no:fg12tlzero pivot, nonzero coLumn in the',
+'hybrid matrix'/fcompLementary probLem cannot be formulated')

362 format(6(2x~elOo3))
go to 90
end if

370 continue
if(moeci.1) then
nnf=nn f.1
do 36 i~ltnvt

36 ans( i~nnf).=ans(i,1)
go to 90
endif
go to 390
endif
ndm nd~n'
do 312 j~lndm

372 am(ndv*L9J )=am(ndv+L, I)/Pivot
do 374 i11,ndvm
do 374 J:1,ndm
if~ioeq.(ndv+L)) go to 374

374 continue
390 continue

C

do 28 i~ltndv
28 q(i)=am(i~nd.1)

if(ifLaq~ea.0) gjo to 209)
if~idebug.eq*0) go to 209
print 210



A210 format(2x,'before attempting to solve by Lemke aLqorith-n 3
+the probLem was') 

-3

go to 211
209 call Len'ke(nd)
211 if(ir.ne.1001) go to 206

if~idebugeq.0) go to 206
if~ifLag.eq.1) go to 3011
write(6,1-3) nft(nf),nf
write(6919)

3011 Ll
ndg=0

3012 ndg~nhina(ndtndg49)
do 3020 i~1,nd
if~i.eq.1) then
write(6,3013) (ch(1,n3*1) ,ch(2,n34j),jl~nd)
endif

3013 format(lOClxv2a2q~x))
if(ndg.Lt.ndi) then
wri teC 6,20) (am(i1,j)9,j I ,ndq)
else
write(6*20) (am( 11) ,J=L~ndq),q(i)
endi f

3020 continue
L=1.9
if~ndg*Ltend) go to 3012
wrlte(691i) Li
writeC6, 10)

15 format(//2x,'fauLt case no: I,12,5x9'coLumn no: Iqi2)
if~ifLag.eQ.1) go to 206
if~idebugoeq*0) go to 206
writeC6,8) (ch(1lin3),ch(2,i~n3),w~i ),z~i),11,ind)
i fLag~l

* go to 190
c

*c catculate node voltages under fautt condition nft(nf)
C
206 do 35 i1,gnvt

35 vt(i)=0.0
do 37 i:1,nvt

*do 37 J=1,nd
31 vt~i):vt(i)-am(i~ndlj)*zCI)

if~ipfL~eqo1)go to 207
write(6938)

38 format(//5x,'node',5x,'voltage')

c store the node voltages of the current fault case in the
c f-vt table

4c
207 lf(ireeq*1001) go to 90

nnf znnf .1
nff(nnf)=nft (nf)
do 39 i=1,nvt

*39 ans(ionnf)=vt(i)
90 continue

* c print out f-vt table
C

nfmax~nnf



write(6,41) -40-

41 format(//2x,'fautt-vt tabtev)

40 Ll O~amin0( I. 1010 ,nfma x)
wri te(6942) (nf f jJ =L 9L10)

42 formatC//2x,'fautt no' ,?xsl0(i2,~x))
do 43 i=19nvt

43 writeC6,44) ch(li~n4),ch(2,i~n4),Cans(,J ),J=LtlO)
44 tormat(//2x,2a2,4x,10(el0.3,1x) )

ifCI10.qe.nfmax) go to 111
L=L.10
go to 40

111 caLL arnbset (nvtonfmaxochongaqirgnff)
end

U eor



c

subroutine hybrid for obtaining the hybrid equations of the
C n port network.
C
c Input and common variabLes

~c
c a array cont.3inlng incedence matrix

, c ans array containinq the hybrid matrix in the reduced
c echelon form
C nportl starting row of the hybrid matrix in an-
c ii starting column of the hybrid mitrix in an,
c debug flag for printing debugging outout
c ntb total number of branches in the network
c

pi' C
------------------------------------------------------------------------------------ ------
C

subroutine hytric(noortIii,iorntsntotdebug)
integer atnfrom(90),nto(90)Oicont(30) type(90),dcotl(90)

* integer icount(?),header(320),br(90)trbr(g0),ansrowtanseoL
integer cvoetroccevvqvctfromttotcocountoeginttempostttn
integer tpoport~cebuoQistp9qiv
real vaLue(93)tf3(90,40) f6(90,40)tans(C9o180)
common a(40,90) anstheadernfromtnto
common orotypeovaLuegicont
data e 9isqrtgtvvocvjcctvctsttctv/2h e,2h i,2h r,2h q9

12hvv,2hcvt2hcc,2hvc,2hsttlhislhv/
data isto/lhs/

C
c max circuit configuration is 40 nodes and 80 branches
c max of 40 elements in any category (tottntlnolo)
c
I nbr=O

nnode=O
c
c
c zero out a matrix

do 2 1=1,40
do 2 1=190

2 a(t1j)=O
c read in data and filL a matrix

debug:O
do 3 k=lntb

c store entries into a matrix
from=nfrom(k)
to=nto(k)
if(from.re.O)a(fromtk)=l
tf(tooneoO)a(totk)=-l

nbr=maxO(nbrqk)
3 nnode=mdxO(nnodetnfrom(k),nto(k))

zero=l.e-8
if(debug.ne.1) qo to 5

c print the a matrir for debug run
write(605O0)
do 6 i:Innode

6 wrttel69506)(a(lij)9=lnbr)
5 do 7 i=ltnbr

- .dcoL (t)=O

7 rbr(i):O

c4"



c determine eLements makinq up the tree -42-
CI

caLL ftree~nnodeorbr, dcot)
c
c reorder a matrix into four cLasses
C
c 1. tree port branches(tp)
c 2. tree non-port branches(tn)
c 3o Link non-port branches(Ln)
c 4. Link port branches(Lp)
C
c dcoL contains ordering of a with tree branches in Leftmost coLumins

j j~nnode.1
n:1
do 8 J=19nnode
m~dcoL (J
do 9 k~ntm
if~m.eq.k)go to 8
dcot =jJ)k

9 continue
8 n~m,1

if(lj.eq.ncot)oo to 10
do 11 i=ntnbr

11 d co L( i) =I
*c reoroer dcoL into four cLasses

c icount~l) m."Irks Last port coLumn of tree branches
*c icount(2) marks Last non-port cotumn of Link branches
*10 icount(l)=l

i t2=nnode
i=

13 do 12 m~ltit2
mm(nbr.1)* (i-l)* 3-C 2*1) ) m)
i temzdcoL(mm)
if(type( item).neee,andetype(item).ne.Is)go to 12
itemlicoult i)
dcoL( mm) dco.C it cml)
dcoL(itern1)=item
icount~i)rIcountMi~l-(Ci-1)*2)

12 continue
if(ioeq.2) go to 14
icount(1)=ieount~l)-l
icount (2)=nbr
i t2=nbr-nnode
1:
go to 13

c reorder the a M3trix and the originaL LabeL vector to correspond to
c the reoroerea dcoL

* 14 rn2
n:1
begin:1
coun=0

*15 item~dcot(n)
if(itemoegobegin)go to 16
itemp:or(n)
br(n)=br( item)
brC item)=itemp
do 17 J=1,nnode
tempza(lo n)
aC j~n)=a( Iitem)



17 a 1 t em =t em()43
c oun: coun.1 4
dcoL (n) =-dcoL (n)
n~l tern
go to 15

16 dcoL~n)z-dcot(n)
if(coun.eq.(nbr-1))qo to 18
do 19 i~fntnbr
i tem~dcoL( 1)
if(item.eq.igo to 20
if(item.Lt.ogo to 19
begin~i

go to 15
20 coun~coun.1

nn~i
19 continue
18 do 22 nltnbr
22 dcoL(fl)=iabs(dcoL(n))
c
c reduce reordered a matrix to row echelon form
C

call. iaech(nnodetnbr)
C
c back substitute a matrix
c

do 23 i=2,nnode
I row: i-i.
do 23 J=1,Lrow
ifcoL~i
itemp~aC JifcoL)
do 23 k~ivnbr

23 a(jqk)=a( j~k)-a( i~k)*ltemp
C
c formuLate the eLement characteristics
C
c tp is number of coLumns in fl and f9

* c tn is number of columns in f2 and 16
c In is number of coLumns in f3 and f1
c Lp is number of coLumns in f4 and f8

tp~icount(l)
tn~nnode-icount (1)
Ln~icount (2 )-nnode
Lp~nbr-icount (2)
oortztp+Lp
nport~tn. Ln
an, row~nbr
anscoL :nbr.Dort

* writeC69507)
if~tpea.0) go to 24
write(69508) (br( i)*i:1,tp)

24 I:tP.1
if~tnoeqe0) go to 2
write(6,509) (br(i)9i:5 ,nnode)

* 25 J~nnode.1

lf(Lneeq*) go to 24
writc(69510) (br(i)ti~jgjj )

26 j 1 .1



11(Lpoeq')) go to 24 44

c zero ans matrix
28 do 27 i:1,ansrow

00 27 J=1,anscot
27 ans(i*J):0.0

*do 29 i:1,nport
do 30 j~lttn

*30 f 6 19J) 0
do 29 IILn

29 f 3(ij)=
kount~icount(1)
k=0
1=1
do 31 11,tnbr
itemzbrci)

31 rbr(item)=i
i if (debug.ne.1 ) qo to 32

* write(6,512) tpqtnvLnqLo
write(69513)(br(i)9i=lnbr)

32 kount~kount.1
mmdcoL( kount)
i temp~i cont ( mm)
itemp~rbr(i temp)
i t 1=p c rt +
if( type( mm) .eq .0'.t ypa(mm) .eqovc .or .t ype(mm) .eq~cc)

igo to 33
c voLtage source type

if (kount.gtonnode~go to 34
c f2

I t2z LP+
ans C it Ii it 2)=1 .
if(tvue(mm)@eQ.cv)go to 35
1f(tyre(mri)seq.wv)qo to 36

* f6(J9J )=-vaLue~mm)
go to 37

34 k~k.1

lf(tyoe(mm)oeq.cv)go to 35
if(type(mm).eqovv)qo to 36

c f 7
ans( itlqk)=-vatue(mm)
go to 37

c current source type
33 lf(kountogtonnode)ga to 38

if(type(nim).eq.vc)qo to 36
if(type(mm).eq.cc)qo to 35

- *c 12
lt2=Ln~j
ans(itl,1t2 )=-vaLue(mm)
go to 37

38 kzk.1
c f 7

ans Cit19 k ) 1.
if(type~mm)*eqovc)qo to 36
lf(typP(mm)*ea.cc)qo to 35
13C1,k)=-a~ue(mm)

37 J=j.1
if(kountene.icount(Pflqo to 32



go to 39 4
c current controLLed 4
35 if(itemp.gt.tp)go to 40
c f5

1t2=nport~itemp
ans~itl,1t2)=-vatue(mm)U go to 37

40 lf(itempogtonnode)go to 41

f6(jvit)z-vatue(mm)
go to 37

41 if(itemo.qt.icount(2))go to 42

go to 37
*42 it~itemp-icount(2)

c 8 t2=nbr~tpeit

ans(itlqit2 )=-va Lue(mm)
go0 to 37

C VoLtage controtted
36 if~itemp.qt.tp)qo to 43
c f1.

i t2=nbr~i temp
ans( iti, it2)=-vatue(mm)
go to 37

43 if(itempogtonnode)go to 44
i t i temp-tp

C f2
it2=Ln~it

go to 37
44 if~ltemp.gt-icount(2))go to 45

i t~ =i te mp- n n0d e
I 3C~iIt )-va Lue( mm)
go to 37

45 it~itemp-icount(2)

1t2=nport~tp.i t
&nS~it1, it2)=-value(mm)
go to 37

39 If(debug.eq.O) 9o to 46
it(Ln.eq.0) go to 47

c write f3 for debug run
write(69514 )

48 1t 2 =L n
lf((it2-itj).gt.1Q) go to 49

* if(it2*eQ~itj) 9o to 47
- write(6v,515)

do 50 I11nport
*50 wrlte(69516) (f3(ij)ql11tlq1t2)

go to 47
49 1t2:itl+9

4 wrlte(6,515)
do 51 i:1,nport

*51 write(6,1516) (f3(i,J))=~it1,It2)
itlI 't2+l
go to 48



47 if~tp.eq.0) go to 2
c write fS for debug run -46-

writeC 6,517)
i t 1= I

53 it2=tn
if((it2-itl).gt.1O) go to 54
if(1t2oeq.itI) go to 52
write(69515)

* . do 55 i1,nport

go to 92

* - write(69515)
do 56 i=19nport

*56 write(6,516) (f6(i~j)ql:itl,1t2)
i tl=it:2+1
go to 53

52 writeC6,518)
caL I print Canscot ,ansrow)

c zero out f6

46 if(tn.eq.U)go to 57
do 58 j~lgtn
kk~tpj
do 58 t-1,nport
i tlport~i
if(Ln~eqsO) go to 59

c change f7
do 60 k:1,Ln
Lknnode~k

60 ans(i ti ,k)=ans i tlok) -(f6(1,])* aCkk, Lk) )
59 if(Lpoeq.O) go to 58
c change 18

do 61 k=19 Lc
Lkicount(2)+k
i t2=nbr~tp~k

61 ans(itl,1t2 )=ans(itl,1t2)-(f6Ciqj)*a(kk9Lk))
58 continue

c
c zero out f3
C

!7 if(Ln.eq*C)go to 62
do 63 J~lqLn
Lk~nnodej
do 63 i=19nport
i t 1=port~i
if~tnoeq*0) go to 64

c change f2
do 65 kz1,tn
kk~tp~k
it2=Ln~k

65 ans(itltit2)=ans~it1 ,it2)-(f3Citj)*C-alkkLk) ))
64 if~tpoeq*0) go to 63
c change fl

do 66 k:1,tp
it2=nbr~k

66 ans(itltit2)=ans(itltit2)-C13(ioJ)*(-a~kLk) ))
63 continue
c



c fiLU ans matrix 
4

62 lf(debug-eq.0) go to 67
* write(6,519)

caLL print(anscoL~ansrow)
67 if(Ln.eq-O.or.tpoeq*O)go to 68
C store dl

do 69 i=1,tp
do 69 i19 Lrn
k flnode~j

69 ans(iJ)=a(i~k)
68 Lc=Lnl

ltemp~tp~i
lf(itemp.gt.port~or. Lc.gt.nport)go to 70

c store -d4 transpose
do 71 i~itempoport
SJ=Lc~i-ltemp~nnode
do 71 J=Lconport

71 i~ie1-tc~tp
71 ans( i w) =-a ii, ji)

70 lf~tPej.O) go to 72
C store unit matrix above f5

do 73 i:1,tp
td~nport~i

13 anS(ivtd)zl.
72 if(Lp.eq.0) go to 74
c store unit matrix above f4

i i~tp~i
do 75 i:11,port
Ld~nport~i

75 aflsC1,Ld)=l,
74 itemp~tp.1

Lf fLd~tp
Le: Ld.1
lf(iteffp.gt eport .or.Le.gtLf)go to 76

C store -d2 transpose
do 77 i~itempqport

do 77 J=LeLf
iijj : -Le

TT ans~iqI)=-a(iijj)
*76 Le=Lf+Lo

Ld=Lf.1
lf(tp~eqoOoor*Ld~gt*Le)qo to 78

* C store d2
do 19 i:1,tp
do 79 J=Ldote
k~lcout(2)+jj- Ld

* 79 afls(iI'=a(iqk)
*78 if(debugoeq.0) qo to go

write(69520)
caLL Driflt(arnscol,8risrow)

* c reduce arts Mijtrix to echeton form

80 caLL raech(nbroanscoLoan.cot,,1zero)
if(deuug~eoO) go to 81
write(6,521 )
caLL Print (anseoLiansrow)

81 do 82 i:1,nbr



do 82 1=19nport
n ~b r +1 - i

i f abs (ans ( ii 1 ).Le *zero) ans 1i 95 )=O.0o
if (ans(iitj).ne.C.)go to 83

82 continue
*83 11 Z11i +1

c fill coLumn heading vactor for finaL print out

k. 1:0
lf(tpoeq*0) go to 44
do 85 i:1,tp

header( it)rbr( i)
header( it-i )=c
12=2* (Porte i)
header(1i2)=br (i)

85 header(12-1 )=v
84 if(Lp.eq*O) go to 86

3 =to
do 837 i=l9LP

k: 1.1count (2)
it=2*1
header( it)zbr(k)
header(it-1)=v
12=2*( port. tp~i)
header(i2)=br(k)

87 header(12-1)=c
86 it=4*port

nport 1:nport .1
do 88 iiignbr
do 88 J:nport1,triscoL

88 if(abs(ans( iqj) ).Le-zero) ans( ivj)=0O
if(debug.eq*0) go to 89

c Print final ans matrix for debug run
call prntl( itgnportltanscoLviitnbr)

89 if (ii.eq.nbr) go to 90
c
c back substitute final answer matrix

itl2anrowiil

do 91 i~it2,ansrow
c ans(irwqicl) is pivot element using to zero elements above

i rw~ansrow. it2- i
IcL~nporti tlit2-i
it3=i rw-1

c J~row zeroing out above pivot
do 91 I~iitit3
b~ans(joicL)

c k~cotumn changing of Ith row
do 91 k~icLtanscot

91 ans(jk)=ans(j ,k)-b*anscirw~k)
90 do 92 i~iitnbr

do 92 I:nportioanscoL
92 if(absans( i~j) )*Le-zero) ans(ij )=O*O

c print final ans matrix
C



4 if(iprnt.eq.0) go to 499
caLL prntl(ittnportlqanscoL ii nbr)

499 return -49-

500 format (80a1)
501 format(lhl/lxt8Oal//////lxtnetwork descriptlont///lxv branch

* from to element element control'/ number node node
* type value branchl)

502 format(313ta2vflO.3vi3)
503 format(2xt13t6x91393xi3t7xia2,4xtelO.3#3xii3)
504 format(lhO//t, zero = OelO.3)

505 format(///' a matrix t )

506 format(lhO950i)
507 format(lhO///)
508 format(lhOftree port branches$/50(lxv12))

509 format(lhOttree non-port branches'/50(lxti2))
510 format(lh0tLink non-oort branchest/50(lxt12))
511 format(lhOtLink port branches'/90(lxqi2))

512 format(lhO ttp = 1,13/' tn = 13/' Ln ,13/ Lp )

513 format(lhO'brlq50(lxv12))
514 format(///' f3 before zeroing t )

515 format(lx)
516 format(lxlO(ell.4vIx))
517 format(///' f6 before zeroing')

518 format(///' ans matrix before zeroing')
519 format(/i/ ans matrix after zeroino t )

520 format(///' ans matrix with d values fitLed in')

521 format(/// ea ns matrix reduced to echeLon form')
C

end

* C----------------------------------------------------------------------------------------
subroutine ftree(nrowqncoLtindco)

C
c subroutine ftree takes the matrix aq apoLies subroutine aeech jnr fincs

c the independent coLumns in a closest to the Left. these indeoenoent

c columns make up the tree branches.

c-----------------------------------------------------------------------
c

integer atindcotL(nrow) coLotemp

common a(40990)

temp=l
caLL iaech(nroaincoL)

c step through rows
do I kzltnrow

c step throuqh columns
do 2 jztemptncoL

c find Independent columns

c test if element equal to one
if (a(ktj).ne.l) go to 2

c record Independent column number

indcoL( L)=Jt~l~t

temp:J+1
go to 1

* 2 continue
1 continue

return
end

c
c----------------------------------------------------------------------



subroutine iaech(nrowncoL)

c subroutine iaech manipulates matrix a into echelon form
.il c
• C

c-------------------------------------------------------------------------
integer avc gtqpLuslpqb

common a(40990)
c=1
g=1

2 do 1 1=gqnrow
if(a(ic)oeq. 0)qo to 1

c interchange i and g row to get nonzero ovot
lf(ioeq.g) go to 3
do 4 k=ctncoL
b=a (i ,k )
a( I k)=a(g, k)

* a(gtk)=b

4 continue
c normaLize row to get positive number for pivot
3 if(a(ggc).gt.O) go to 5

do 6 k=ctncoL

6 a(ggk)=-a(gtk)
5 if(geqe.nrow) return

c zero column below pivot
gpLusl=q+l
do 7 p=gpLusltnrow

b=a(pgc)
if(b.eq.O)go to 7
do 8 k=ctncoL

8 a(pk):-b*a(g~k) a(pqk)

7 continue
g=g~l

C= c" I
go to 2

1 continue
if(gogt.nrow) return
c=c 1
go to 2
end

C
------------------------------------------------------------------------------------------------

'" C

subroutine raech(mingmarktrowltcollzero)
common 1a(40,90),a(90,180)
integer c ggpLusl ptrowl9coL1

~C
c raech performs row operations on a to reduce a to echelon form
c
c columns col to mark are reduced to row echelon form while the row
c operations are carriel out on the rows from mark + I to n
c rows rowl to m are reduced to row echelon form
c g=row determining pivot point in
c c=coLumn determining nivot point in

• C
C-------------------------------------- ------ ---------------------------------------------

c=coLl-1
*. g:rowl

1 if(ceq. jrk) return

c~c.1

"6=



c find the max nonzero element in the c column below and incLudina pivot

tmz=0,0
do 2 Jgtm
if(abs(a(jc)).Le~zero) a( jc)=O.O
if(abs(a(Itc)).Letmz) go to 2
tmz=abs(a(jIc))
i=j

2 continue
if(tmzoeq.0.0) go to 1

" c if the nonzero element is in the pivot rowt do not exchange rows
if(i~eq.g)go to

c exchange pivot row with row having nonzero element in pivot cotumn
do 4 k:ctn

.- b:a(ik)
a(itk)=a(qok)

4 a(gtk)=b
c check if pivot point already normalized to 1
3 if(a(goc),eqol.)go to 5
c normalize pivot row

atpha=a(g~c)

do 6 k=ctn
a(gtk)=a(gtk)/atph3

6 if(abs(a(ggk)).Leozero) a(gok)=O.O
c check if just normalized pivot in Last row
5 if(goge.m)return
c zero the elements below the pivot

gpLusl:g.l
do 7 p:gpLuslqm
b=a(pc)
if(abs(a(pec)).Leezero) a(Ptc):O.O
if(abs(a(ptc)),eqoOO) go to 7
do 8 k=cvn

8 a(ptk)=-b*a(gk)+a(pk)
7 continue

if(g.ge.m) return
g=q+l
go to I
end

*~C----------------------------------------------------------------------------------------
C

subroitine print(anscotansrow)
c
c subroutine print prints the entire ans matrix
c
c-------------------------------------------------------------------------
c
c
c prints ansrow rows by anscoL coLumns

6 integer a(40903)anscoltansrow
common atans(90,190)
I t 1 =1

S1 it2=anscoL
'f(Ct2-itl)*gte9 ) go to 2
i"i*t2*e.itl) return

c Less than 10 columns Left to print
write(69500)
do 3 i=lansrow

. 3 write(6,501) (ans(i9J)9l=itlit2)

~I

S. =



return -5

2 1it 2i1t 95
c more thin 10 coLumns Left to print

write(69500 )
do 4 i:1,ansrow

4 write(6,501) (ans(ij )9,jzltl~it2)
1tl11t2+1
go to 1

500 format(lx)
501 format (lx~lO~elle4,lx ))

end
C
-------------------------------------------------------------------------------------------------

subroutine prntl (hdr~acLl~acL2,arwl~arw2)
c
c sub~routine prntl prints onLy the desired part of the ans matrix
c describing the port equations aLono with the column headinas
C

-~~~ .,C---------------------------------------------------------------------------------------

C
integer a(40,90) ,header(320) ,acLloacL2,arwloarw2,hdr
common a~ans(90,180),header
i tm2=act 1-1
i t 1= 1

1 t2=hdr
if((it2-itl).gt.19) go to 2
if Cit2.eq.it 1) return

c Less or equaL 10 coLumns to print
write(6,500) (header( ) i~itlit2i
itml~itm2+l
do 3 i~arwltarw2

3 writeC69501) (ans(i~j)9j~itmlacL2)
return

2 1 t 2=it 1*19
c more than 10 coLumns to print

write(6,500)(header(i),iitl,1t2)
I tmlzitm2+l
itm2=itml+9
do 4 i~arwltarw2

4 write(6,501) (ans(iqj)tj~itmlsitm2)
it ~it 2.1
go to I

500 format( lhO,10(4x~al, i2,5x))
501 format(lhO,10(ell.4,lx))

end
#feor



- 53 -
c---------------------------------------------------------

c Suoroutine Lemke for solving the complementarity oroblem.
. C It utilizes the subroutines (matrix, initiat newbas, sorts
. c pivot and pprint.

subroutine lemke(n)

C

V'. :ommon/004/amoqgwgztlbonlisnl2atneltne2irtmbasistizr
*ii dimension am(50,50),q(50)tb(59050)ta(50),mbasis(100)

dimension w(50),z(50)
c description of parameters in common
c am a two dimensional array containing the
c elements of matrix m.
c q a sinqly subscripted array containing the
c elements of vector p.
c 1l an integer variable indicatinq the number of
c iterations taken for each problem.
c b a two dimensional array containing the
c elements of the inverse of the current basis.
C w a singly subscripted array containing the values

"c of w variables in each solution.
c z a singly subscripted array containing the values
C of z variables in each solution.
C nil an integer variable t king value 1 or 2 depend-

* c ing on whether variable w or z Leaves the basis
c nel similar to nll but indicates variable entering
c nt2 an integer varlabLe indicating what component
c of w or z variable Leaves the basis.
c ne2 similar to nt2 but Indicates variable enterinn
c a a singly subscripted array containing the
c elements of the transformed column that is
c entering the basis,
c ir an integer variable denoting the pivot row at
c each iteration, also used to indicate termina-
c tion of a problem by giving it a value of 1000.
C mbasis a singly subscripted array-indicator for the
c basic variables, two indicators are used for
C each oasic vdriabLe-one indicating whether
c it is a w or z and another indicating what
c component of w or zo
c n integer variable indicating problem size
c
c initialize basis inverse.

do 9 J=l9n
do 7 i=ltn
it(ieq.j)go to 8

b( 1,1)=0.0
Stgo to 7

- 8 b(itj)=1.0
, 7 continue

9 continue
S•c parameter n indicates the problem size

call initia(n)
c € since for any problem termination can occur in initia,
c newbas or sort subroutineothe value of ir Is matched with

- c 1000 to check whether to continue or go to next problem.
lf(ir~eg.lO00) return



* 50 call newbas(n)
tf(ir.eq.1000)return
call sort(n)
1f(1r.ge.100o)return
call pivot(n)
go to 50

end

C--------------------------------------------------------------------------------------
suOroutine nitia(n)

c purpose-to find the initial almost complementary solution
c by adding an artificial variable zo.
c

*~~~ C-------------------------------------------------------------------------------------

c
common/O0O/amatwtzsLltbgnLltnL2a nelne2tir mbasistizr
dimension am(5O,50),q(50),b(5050)ta(50)tmbasin(100)
dimension w(50),z(50)

c set zO equal to the most negative q(M)

J=2
9 if(q(i) oLe. oc())go to 18

-: - :j
18 jj1

if(j ole. n)go to

c update q vector
ir=i
tl=-q(ir)
If(tl.Le.O.0) qo to 1000
do 10 i=19n
q(i)=q(i)+tl

10 continue
q(ir)=tl

c update basis inverse and inaicator vector
c of basic variables.

do 12 J=1,n
b(Jtir]=-leO

w(J)=q(J)
• z(J )=O°O

mbasis(j)=l
L=n j
mbasis(L)=j

12 continue
i zr ir
nLl=l
L=n~ir

nL2=ir
mbasis( ir)=3
mbasis(L)=O
w(Ir) =.0
zO~q(ir)

L 1=1
return

c
c
1000 ir=1000

do 1010 i=1,n
mbasis(t)=1
mbasis(i*n)=i

1010 w(i)=Q(i)



q return - 55 -

end
c
C----------------------------------------- -------- ------------------ -------

C
subroutine newbas(n)

C
c purpose - to find the new basis coLumn to enter in
c terms of the current basis.
C--------------------------------- ----- m---m--- m----------m-------m- -----------------
c

common/004/amtqwtrLltb nLltnL2,atnelne2tirmbasis
oimension am(50950),a(50)t (5050)ta(50),mbasis(lO0)
dimension w(50),z(50)

c if nLl is neither 1 nor 2 then the variabLe zO Leaves the
c basis indicating termination with a complementary soLution

if(nLl .eq. )go to 20
if(nLl ,eQ.2)go to 21

c if the complementary sctution and the number of iterations
c are to be printed set ipp=l in the foLLowing statement
C

ipp=O
if(ippoeql) then
caLl pprint(n)
endif
ir=lO00
return

20 nel=2
ne2=nL2

c update new basic column by multipLying by basis inverse.
do 26 i=lgn
t 1:0.0
do 28 j=19n

28 tl=tl-b(ioj)*am(jqne2)
a(i)=tl

26 continue
return

21 nel=l
ne2=nt2

* .do 29 i=1,n
a(l)=b(ine2)

29 continue
return
end

C
C--------------------------------------------------- ------- ------- -------------
c

subroutin sort(n)
c purpose - to find the oivot row for next iteration by the
C use of (simpLex-type) minimum ratic rule.
c

common/004/amowztlto1nL nL2,a nelone2 irmbasistizr
dimension am(50,50)tq(50)b(50,50)t(50)Ombasis(100)
dimension w(50),z(50)
amax=abs(a(l))
do 10i=2,n
if(amaxge.abs(a(i)))go to 10
amax=abs(a(I))

d



10 continue
tA c set totlamax*2*0**(-(b-11)) where b is the number of 5

c bits in the fLOdting point mantissa as ctasen suggests.
toL~amax*2. 0** (-27)

52 if(a~i).gtotoL)go to 51

if(ioqt.n)go to 9
go to 52

55 1:1.1
if(iogton)go to 56
if(a(i)*gt.toL)go to 54
go to 59

if(t2.ge.tl)go to 55

tl~t2
go to 55

56 return
9 if(q(izr).gtotot)go to 57

call pprint(n)
i r =10 00
return

c failure of the ratio rule indicates termination with
c no complementary solution.

57 print 250
250 format(5x,3lhprobtem has no complementary solution)

print 251,11
251 format(10xtl3hiteration no.,i4)

ir=1001
return
end

C
---------------------------------------------------------------------------------- -------------

subroutine pivot(n)
c
c purpose - to perform the pivot operation by updating the
c inverse of the basis and o vector.
C
----------------------------------------------------------------------------------------

common/004/amtcqwgzstl1bgnl1nl2,atne1,ne2,irembasis
dimension am(50,50) ,qC50),b(50,50),a(50).nbasisC 100)

-. dimension w(50)9z(50)
do 30 i:1,n

30 b(ir~i):b(ir~i )/a( ir)
q(ir):q(ir)/a(ir)
do 31 i:1,n

4 if(ieeq~ir)qo to 31
Q( )q( 1)-ac ir)*a( I
do 32 j11n
b(i9J )=b(iqj)-b(ir,1.*adi)

32 continue
31 continue

c update the indicator vector of basic variabtes
nllmbasis(ir)

nL2=moasis(LI



mbasis(ir)=nel - 57 -
mbasis( L)=ne2
tl=ll
return
end

C

c

subroutine pprint(n)
c purpose - to print the current solution to complementary
c problem and the iteration number.
c
C--------------------------------------------------------------------------------------
C

common/004/amocswtztlbntlnL2,acnelone2tirtmbasis
dimension am(50,50).a(50)tb(50,50)ta(50)'mbasis(100)
dimension w(50),z(50)

c zero the variabLe values.
do 35 i=1,n
wC 0).O

35 z(i)=00
C

i=nl
j=l

42 kl=mbasis(i)
k2=mbasis(j)
lf(q(j),ge.OO)go to 45

j q(j)0.=0
45 if(k2oeq,1)go to 40

z(kl):q(j)
go to 41

40 w(kl)=(J)
41 1=1.1.. j j +~

lf(J.Leen)go to 42
do 44 iZ=1n
write (6,601) iw(i),z(i)

601 format(lx, 12f114.4)
44 continue

write(6o602)Ll
. 602 format(lx,'number of pivots required', 13)

return
end

Neor

U''

I

I



C --------------------------------- - 5
c subroutine ambset for quantizing the test node voltages into

Kc ranges centered around the voltage value due to some fault
C condition.
C
c Input anid internaL variables
C
c mivt number of te~st nodes - input
c nit number of fauLts - input
c nff vector containing fault numbers as specified in the program
c inout
c ch array containing branch names (4 characters each)
c n4 starting Location of the test nodes in the array ch
c amr voltage ranqe - inout, defauLt~lv
c rng array containing boundaries of voLtage ranges
c lout array used in printing the one-zero form of the
c ambiguity set-fault table.
c nset no of sets in the corresoonding test nodes.
c ans array containing the vt-fauLt tabte.
c aa integer working array
c am reaL working array
c
-------------------- ------------------------------ --------------------------

Subroutine ambset(nvtlnft~ch~n4*amr~nff)
dimension rng(2,20), ioutC20,40),nsetC40),icntr(20)
dimension nff(30)
common aa(40990) ,ansC9O,180)
common/004/amC 50,50)
integer aa~ch(2,90)

C
if~amroeq.0o) amr:1.
zero=10e*.(-8*)

c clear flags, and ambiguity set tab~.e (aa matrix)
do 20 i1940
do 20 1140
a a( I :0

20 continue
c set fault binary codes in aa column 40

aaC( 1,v40 ) =1
do 5 1=29nft
aa(j*40)=aa(j-1940)*2

*5 continue
c scan nodes in v-f table Cans matrix)

do 200 n:1,nvt
c generate table of differences in 3m matrix

do 10 1':1,nft
ki: 1,1
do 9 k~k1,nft
am(j~k):ans(n~j)-ans(n~k)

9 am(ktj)=am(Itk)
10 continue

*c clear output matrix
* do 25 i1920

do 25 J:1,nft
25 iout(lj)=0

c set ambiguity set L=0 for node ni
L=0

*c scan faults vertically
do 100 J:1,nft

c If fault j has been scanned, skit) and search



c for a new center to the next ambiguity set - 59
if~aa~j,39).ne*0)go to 100

c update fLags and amniguity set index
aa Ci,39) :l
aa( 3,38)=j

aa( 1937)=L
c set initiaL ambig set code and outout matrix

aaC t~n)=aa( 3,40)
lout C 1,3)=1

c define amoig set rar'qe and centor
rng(19L)=anscnj)-amr/2
rng(2,L)=ans~ntj)+amr/2I icntc(L)=j

* c scan fauLts horizontaLty
ki: 3.1

c reset fLags of updating overtapped ranges
if Lag 1:0
if Lag2=0
do 90 kzlonft

* c if fautt k out of range skip it
if~k.eq.1) go to 9nl
if(abs~ariC3,k)).ge.Camr/2)) go to 90

c if fauLt k has been scanned check if it
c is cLoser to the oLd or the new center

i ct~aa k ,38)
istaa~kt37)
ifcaa~k#39)one.l)go to 60
w~abs~am(j 9k) )-abs~am~ict 9k))

* if~wegeozero) go to 50
* c if fauLt is cLoser to the new center add

c it to the new set ano detete it from the
c oLd one then update fLags and oarameters

aaCL~n)=a3(L~n)*or~aa~k940)
aaC 1st ,n) :aaC st ,n)-aaC k9,40)
aa(k938)=)
aaC k,37): L
lout C Lk)=1

c update ambig set ranges
50 if(&m~lct~j).Le.zero)qo to 55

if~iftagl.eqol) go to 90
*c set ftag to acknowLedge updatlni positive
*c side overLap

ifLagl:1
rng(2,L)=ans(nI).abs~am~jlict))/2*
rng~loist)=ans(ntict)-abs~am(ioict))/2*
go to 90

55 if~lfLag2.eQ.1)go to 90
Mfag2=1
rng(1,L)=ans(nti)-abs(am~ict,3) )/2.
rngC2,ist)=ans~ntict).abs~am~ict,3))/2e
qo to 90

* c
c if fautt has not been scanned and within range
c add it to the current set and update parameters

60 a*CL ,n)=aa(Lqn)*or~aa~k940)
lout(Lok)=1
aa(k ,39)=1
aak, 38) :3
aiC kg37) :1



90continue -
if(L.ei.1) go to 100
do 95 LL19the
if((rng(,l l).Lt.rnI4(2LL)).an.(rng(,lg).gt.rng(,lot))) te
rnq( It L) ( rnat 1., U * ng( 2, LI))/
rnq (2, LI) =nq (191)
etseif( (rng(2,t).qt.rnq(ILL)).and.(rng(2,L).Lt.rng(2tl) )) thien
rrig( 2, 1) rng( 2,1) +rng(1, IL) )/2*
rnq(1I.LL)=rng(2,L)
endi f

95 continue
100 continue

nset (n) :1
c write out centers, ranges and anilguity set codes
c for node nS write(6,220) ch,tn~n4) ,ch(2,n~n4)

write( 6,230 )
do 110 i=19,L

micntr(i)nfm

110 write(6,240) i,1cntr~i),(rng~j,1),Pj~l,2),Ciout(1,j ),jzlsrft)
c ctear flags

do 115 i~lnft
do 115 1=37,39

115 aac 1,l)0
200 continue
220 forwuatC//2xttnode 1: 192a2)
230 formatC//2x,'set', tenet~ilrmolxtotlx~e codes)
240 format(/i,i6,2f2xtelO*3),5xt4O(i2))

catt ftcode(nvt~nft nset~ch~n4,nff)
return
end

fleor



c

c subroutine ftcode tor qenerating a numeric code fault dictiona-
C ry based on the voltage ranges Provided by the subroutine
C "ambset".

C Input and internaL variabLes

. C nvt number of test nodes - input
- C nft number of fauLts - input
, c nset number of ranqes in the corresponding test node - input

c ch array containing branch names - input
c n4 starting LoC3tion of test nodes in ch - input
C nff vector containing fauLt numbers - input
c icod array containing the numeric codes on output
c aa integer working array
c
C-----------------------------------------------------------------------

subroutine ftcode(nvtqnftlnsetqchtn4,nff)
dimension nset(40)tiax(40) icod(40,40)titemp(40)
integer ch(2,90)
integer aqbgnff(30)
common a(40990)

*. C
C

c set node index to zero and find the node with maximum
c number of ambiguity sets

i debug=O
n=O
Lmax=nset(1)
do 10 t1:,nvt

10 Lmax=maxO(Lmaxsnset(i))
tmaxl=Lmax
if(idebug.eq.O) go to 201
write(6,11) Lmaxl

* 11 format(2xtlLmaxl'tti20)
c move the corresponding set codes in tat to temporary
c storage and identify the node

* 201 do 20 i=ltnvt
if(nset(i).eq.Lmax) qo to 1A

* 20 continue
18 i1:i

nset(il)=O
do 19 j=lLmaxl

19 itemp(J)=a(Jtil)
, nn,1

if(idebug.ea°O) go to 202
C write(6941) n

write(6,21) i1
21 format(2xtnodeli9)

202 nn=n
• c initialize the fault code matrix icod(o,.)

c by the ambiguity set indeces of the first node
do 22 i=loLmaxl

. 22 icod(itl)=i
Lf:Lmaxl
"f(nvt.gt.1) go to 30
do 23 J=ltLmaxl

23 iax(J)=itemp(j)
L*: maxl



go to ICO -6
c find the next maximum

30 Lax=nset(1)
do 35 i=1nvt

35 Lmax=maxO(Lmaxnset(i))
Lmax2=tmax
if(idebugoeq.O) go to 203
write(6936) Lmax2

36 format(2x, Lmax2='9i20)
203 do 40 i=1,nvt

if(nset(i).eq.Lmax) go to 42
40 continue
42 nset(i)=O

12=i
n=n.l
nn=nn.1
if(ideougoeq.O) go to 204
write(641) n
write(6,21) 12

41 format(2xqln=li4)
c find the intersection of the am sets by LogicaLty
c anding the set codes
204 L=l

.o 50 J=lLmaxl
c set a fLag to detect first intersection

IfL=O
do 50 k=lLmax2
!4 x(L)=itemp(j)oand.a(kvi2)
it(iax(L).eq°O) go to 50

c otherwise update L and Lf and insert the code
c icod(jvm)vm=ln-1 in the next Locations (J.l)
c pushing own the rest of the codes up to the
c Location Lf. then add the set index k In the
c Location icod(lJn) correspondinq to set J -node n

JI =Lf-L+2
nl=n-1

c skip pushing codes after first intersection onLy
if(ifLone.O) go to 44
icod(Ln)=k
ffl=l

go to 47
44 do 45 Li=ltJl

do 45 m=ltnl
45 icod(tf-Li+2,m)=icod(Lf-Lilm)

lcod(Lgn)=k
Lf=Lf l

47 L=L.1
if(L.Le.nft) go to 50
L=L-1
go to 100

50 continue
L=L-1
if(idebug.e.0) go to 209
do 48 LL=IL

48 write(6,49) (icod(LLkk),kk=ln)
49 format(2xtcode',1015)

c check if the new node is redundant
205 if(Lne.maxO(LmavlLmax2)) qo to T0
c if the number of sets rsuLtting from inersction
c is not increased ignore the node and qo to pick

.-



-V 7

c a new node - 63 -
n~n-1
if(nnoeq.nvt) Qo to 70
g o to 30

c check if ,jLL fauLts have been isoLated or ALL nodes
c are exhausted

70 lf(L.eq.nft~or~nneeq~nvt) go to 100
c move resuLt of intersection to temporary storage

Lmaxl=L
do 80 il,Lmaxl

80 itemp(i)=iax(l)

go to 30
100 write(69120)

write(6#130) (ch(ln4#m),ch(2,n4#m) .m1,rg)

do 82 J=1,nft
ltl~iax(i )aand.a(j ,*0)
if(itl.eo.iax(i)) go to 81
if~itloeq.0) go to 82
go to 83

81 write(6,131) nff(j)

go to 95
82 continue
83 m=O

do 85 j11nft
lf~fLoat(lax(l))/2.0.eq~fLoat(iax(i)/2)) go to 84.
m~m+1

84 laxMi)iax~l)/2
85 continue

wrlteC69150) (a(kI.1) ,k:1,m)
writeC69140O) (lcod(i9J1),5:1 )n)

95 continue
*120 format(//2x,'fdutt',23xtlfauLt code*)
*130 format(/30x92O(2a2qlx))

131 forfat(?x,'ftir)
140 formatC30x#20(i3,2x))
150 format(2xq'f'qjC(i2, *,'))

st op
end

leor

lan
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Appendix 3

Copyright, Purdue Research Foundation, 1083.

.



- 65 -

MIFTCOD: A Subroutine for Fault Isolation Under Multiple Test Input Conditions.

In case of applying different test input conditions to improve the level of isolation,

there are two ways of handling the fault dictionary. The first way is to produce a fault
code combining the input conditions, and that is to be used if the measurement data is

available all at once. The other way is to generate a dictionary for every input. Then
the isolation is achieved by correlating the dictionaries of the different inputs.

The subroutine MIFTCOD accepts the result ot simulation for all input conditions
after being classified into ambiguity ranges and produces the required fault codes for
the individual inputs and the codes combining all inputs. This subroutine is not util-

ized by the program HAFDIC. Some extra effort has to be done in writing a small pro-
gram that takes the results of HAFDIC simulation under different input conditions and
then calls MIFICD to perform the required isolation. The program BASTEX shown

next is an example of this.

Example for Using MIFTCD:
Table A3-1 contains the ambiguity sets of faults simulated in a circuit taken from

[4], where two test inputs are used separately. To be able to supply the MIFTCD sub-

routine with the ambiguity sets in the required form, the ith fault is assigned the

integer weight 2i (see BASTEX program). This means that the integer word represent-
*. ing this fault will have the ith bit equal to one, while all other bits are zero. Adding or

logical ORing of two faults will simply mean that there will be two bits equal to one in

the integer word, and so on for more faults. The program output is shown next to the

ambiguity sets table followed by the listing of MIFTCD.

"a



c A S [- 6 6
c ~This Program arranges the ambiquity soits of faults shown inC the accompanying table in a two dimensionaL array that provides
c the required input to the subroutine MIFTCD.

C
program bastexinoutioutoutitape5=inutitape

6 =output)
c this program generates the ambig sets Of bastian7s oaoer
c example in the matrix a*

dimension nset('4,20)oivt(20)
integer alc(20)
common a(509100)
c()1
do 10 i=2920

10 c(i)=2*c(i-1)
i c sc (1C
do 5 I=2920

5 ic5ssc(i)
a(ll)=c( 3) *c( 6).c( 1) c(19)
a(291)=ics-a(l,l)
a(192)=c(3)
a (2,2):c (7)
a(392)=c(15)
a(492)=c( 16)

a (1,3):c (3).c (6).c (1).c (15)
a (2,3) 1 cs-a( 193)
8(1,4 )=aC 1,3)
a2, 4) =c( 19)

a(394)=c (20)

a(195)=a(193)+c( 19)
a(2,5)=ics-a(195)
a(196)=aC1,5)
a(296)=a(295)

a(2, 7)=a(295)

aC 1,9) :c(2)
a(2, 9)=c(5)
a(3,9)=c(13)
a(499)=c( 14)

a(l,1O)=c(2)+c(4)+c( 5).c(13)
8(2,10) :ics-a( 1,10)
a(1,11)=a(1910)
a(2911)=c(9)
8(3, 11)=c (17)
a(4, 11)=c C18)

a(2912)=ics-a(1912)
8(1, 13) zaC 1,12)
8(2,13) zaC2,12)
a(1914)=acl,12)
8(2,14)=a (2,12)
a1, 15) zaC1, 12)

io a(2915)=a(2,12)
a(1,16):a(1912)



a(2,16)=c (11)
* a( 3 ,l6)=ics-a(1916)-.a(2916) -67-

Sv t (1 11
ivtC2)=B

ivt (3)=2
i vt 4 )27

vtC(6)=26
ivt( 7) =33
ivt (8)=16

* flset(191)=2
nset(192)=5
nset( 1,3) =23 flset(lo4)=4
flset(195)=2
nset( 1,6)=
nset (1,7)=2
flset(198)=2
flset(291)=5
nset C292)=2
nset (2,3)=
nset(C2, 4)=
flset(2,5)=2
nset(296)=2
nset( 2,7)=2
nset (2,8 )=3
nvt=8
nf t=20
fll:2
caLL. miftcd(nvt~ivt~ni ,nset~nftvc)
stop,
end

#eor

:4



-68-

Node Input Set No. 1 2 3 4 5

11 +30 3,6,7,15,19 nominal
-30 2 5 13 14 nominal

8 +30 3 7 15 16 nominal
-30 2,4,5,13 nominal

5 +30 3,6,7,15 nominal
-30 2,4,5,13 9 17 18 nominal

2 +30 3,6,7,15 19 20 nominal
-30 2,4,5,8,9,13,17 nominal

27 +30 3,6,7,15,19 nominal
-30 2,4,5,8,9,13,17 nominal

26 +30 3,6,7,15,19 nominal
-30 2,4,5,8,9,13,17 nominal

33 +30 3,6,7,15,19 nominal

-30 2,4,5,8,9,15,17 nominal

38 +30 nominal
-30 nominal

18 +30 nominal
-30 nominal

16 +30 3,6,7,10,12,15,19 nominal
-30 2,4,5,8,9,15,17 it nominal

a7..



€ combined inputs

-
69 -

vl .v11 92v 89lv 892v 5olv 592v 29lv 292v169lv1692v
f 3,

1 5 1 2 1 5 1 2 1
f 7

16 5 2 2 1 5 1 2 1L, f Go

S11,1 5 5 2 1 5 1 2 1f 199

1 5 5 2 2 5 2 2 1
f 29

2 1 5 1 2 1 4 1 2
f 52

2 2 5 1 2 1 4 1 2
f13P•2 3 5 1 2 1 4 1 2 1

I 'ff149

2 4 5 2 2 5 4 2 2
f 15,

2 5 3 2 1 5 1 2 "
f 16,

2 5 4 2 2 5 4 2 2
1 4,

2 5 5 1 2 1 4 1 2
f 9,

2 5 5 2 2 2 4 1 2
f17,

2 5 5 2 2 3 4 1 2 1
f 189

2 5 5 2 2 4 4 2
f 20, 2 5 5 2 2 5 3 2 2
f 8,

2 5 5 2 2 5 4 1 2
*f 1f0,12,

2 5 5 2 2 5 4 2 3
2 5 5 2 2 5 4 2 2 2

f I
2 5 5 2 2 5 4 2 2

separate input codes

inlputl

fauLt code

fault vll v 8 v 5 v 2 v16 v
f 3,

1 1 1 1 1

1 2 1 1 1
f 6,

1 5 1 1 1f19,

1 5 2 2 1



kf169 2 3 1 1 1

2 4 2 4 2
f20,

2 5 2 3 2
f 10,912,9

tit~ ~ 1,I 2. 4t 59 8, 9,11913914917,
f 1ag

2 5 2 4 2

Input 2

fautt code

fauLt vii v 8 v 5 v 2 v16 v
f 2,

1 5,
2 1 1 1 1

3 1 1 1 1

4 2 5 2
f 4,

5 1 1 1 1
-- ~ 9,

5 2 2 1
f117,

5 2 3 1 1
f118,

5 2 4 2 3
f 8,

5 2 5 1 1
f111,

5 2 5 2 2
f 1, 3, 69 7910,12915,16919920,

5 2 5 2 3



-- - - - - -- - - - - - --- - - - - -

C -71-
c subroutine miftcd for generating a numeric code fautt d
c under multiple test input conditions*
C
C input data
C
C the ambiguity sets of faults have to be stored in a two
c dimensional integer array such that every fautt is reores-nt,-d
c by a singLe bit in an integer word. Every amnbiguity set of

*C faults is then contained in one integer word. Therefore the
c number of faults is Limited to the computer word Length.

*c if the program utiLizing miftcd is to be written in standard
c fortran where bit manioulation is not avaitabLev the indivldui.
C bits can stiLt he affected (see the examp'.e in appendix I
c fault diagnosis 3f nonlinear analog circuits voL45').

*c the arrangement 3t the ambiguity sets of nvt test nodes in
C the array a should be as follows:
C a(i,1) ith 3mbiq set of the first test node -input I
C aW92) ith ambiq set of the second test node -input 1
c .* 46 so0
c a(ionvt) ith imbig set of the Last test node -input 1
C a a( i nvt #1 ith ambig set o f the first test node- input2

*c a(itnvt*2) ith .3mbig set of the first test node -inout 2
* ~~C g.

c a(it2 *nvt) ith imbig set of the Last test node -inout 2
c a~io2*nvt.1)ith ambig set of the first test node - input 3
C
c oooooetco
C input variables
c
c nvt number of test nodes
C ivt array containing the actkual. numbers of the test nodes
C (for printing the fault dictionary)
C ni number of inputs
C nset array containing the numbers of ambig sets in the

*c corresponding test nodes
c nft number of faults
C c integer array containing integers (1q294,..2**nft)

C---------------------------------------- --------- ------w-----w----------- ------------

c
subroutine miftcd~nvt~ivttnI~nsetqnft~c)
dimension itemp(40), iax(40hoivt(nvt), icod(40940)
integer aqc(nft) ,cid(40940)
dimension nset(ft,20),mset(20)9node(20)
common a(509100)

*C
c find the intersections of the ambiguity sets of every
c individual. node Ignoring null intersections
C

nvt 2:ni 'nvt
c clear lax

do 10 i1940
* 10 iaxMi)0

do 70 j1,nvt
* 1J2:nI*(i-i)

L:1
nl~nset(1,J )
n2znset (29j)



do 20 iltnl
do 20 k=ln2 -72-

.ax(L)=a(loj)*anc.a(ktj nvt)
if(iax(L),eq*O) go to 20
cid(LJ2+1)=i

"'- cid~ttJ2*2)=k
'"" L=L l

20 continue
t=l-1

c store the result (iax(i),i=itL) in coL #(nvt2 j) for
c further intersection with the sets of the next input

do 30 i=1.L
30 a(invt2 j)=ax(i)

mset (= L
c intersect a(itnvt2+j) with next input a(kj~nvtl)
c however if no of inputs .tt. 3 skip and go to next node

if(ni.Lt.3) go to 70
do 60 n=3,ni
nl=nset(nJ)
nvtl=nvt*(n-1)
L f =tf=t

do 40 i=1,L
I f L 1
do 40 k=lvnl
iax(m)=a(kgJ~nvtl).and.a(tiJ*nvt2)
if(iax(m)*eQ.O) go to 40
J1=L f- L.2
nnl=n-1
if(ifL.ne.O) go to 34
cid(mtn J2)=k
I f L=1
go to 37

34 do 35 Li=1l9J
do 35 mi=ltnnl

35 cid(tf-ti2,mi j2)=cid(Lf-ti*lmI j2)
ci d(mn+J2)=k

37 m=m l
if(m.gt.nft)go to 90

40 continue
c adjust the resuLting no of ambiq sets

L-t=m-1
c restore the resuLting sets of the new intersection

do 50 1=1,L
50 a(i1j~nvt2)=iax(I)
60 continue

c identify the no of comoined inputs amb sets for node j
mset(j)=L

* 70 continue
* go to 100

c if current node isolates aLL faults acknowledge It
c and go to identify fauLts

80 write(6990) ivt(j)
90 format(/dxtlnode't129' Is enough')

c
c output the combined inout codes for the single sufficient node*C

write(6,95) (ivt(J)9nqn:lni)
95 format(lxt'vt',i29,'1tl)



do 96 1 =1 nf t
do 96 kr ,nf t -73-

if~itlene.iax(i)) go to 96
write(6,340) (cld( i~m)gm:1,ni),k

96 continue
ft:1
node(l)=j
go to 200

c now the resutt of aLL inputs for every node jis avaitabLe
c In a(I~nvt2+j) and the corresponding no of ambiguity sets
c is in mset~j)o output mset(I)o oerform intersections of
c sets beLongino to different nodes in a descending order of
c the no of ambig sets
100 write(6,105) (mset( l)oj~1,nvt)
105 format(/2x,'combined input sets#/2x920i3)P Lmax~mset Cl)

do 110 I=1,nvt
110 Lmax~maxa(tuax~mset(i))

Lmaxl:Lmax
L f =L ma xl

c move the c *-.,ponding sets to temporary storage and
c the node

do 130 i:1,nvt
If~msetMi)eq*Lmaxl) go to 135

130 continue
155 node(l)=i

msetC i)=0
n:1
nn: 1

do 136 i:1,Lmaxl
136 ltemp(i)=a(ioi1.nvt2)
c Load icod(o,.) with the Combined input indeces of the first node

12:ni*C il-1)
do 138 i:1,Lmaxl
do 138 m=19ni

138 icod~i~m)=cid(i9Pj2)
* c find the next max and do the samei

139 Lmax~uset~l)
do 140 i=1,nvt

140 Lmax~max0CLmax~mset(M)
Lma x2=tmax

- - if(nnoec3.nvt) go to 190
if(Lmax2eeq*O) stop
do 150 i:1,nvt
if(mset(i)oeq*Lmax2) go to 145

150 continue
*145 mset(i)=0

nn=nn.1

12=1
flode(n) :1

J2=ni*Ci2-1)

do 163 i:1ltmaxl
if L=O
do 160 kz1lomax2
iax( L)=itemp( i) eand. ac i2.nvt2)



If(iax(L).eci*0) go to 160 -7

1 = L f -L -27
* nl~n-1

if(ifL~ne.0) go to 154
do 153 m:1,ni

153 icod(Lm+jn )=cid(kgm+J2)

go to 157
154 do 155 Li=1,jl

do 155 mi:1,jn
155 icod( LI-Li.?,mi)=lcodC LI-ti.1,mi)

do 156 m=1,ni
156 icod( L~meJn)=cicl(k~m+J2)

Lf =Lf -o
157 if(Leeq.nft) go to 190

L=1.1
160 continue

:1L-1

161 formatC2x,' L=Ii5)
if(L~ne~maxOCLmaxlLmax2)) go to, 170

c It current node is recundant ignore it and consider a new node
* n~n-1

go to 139
* c check if aLt, nodes have been scanned

170 if~nnoeqonvt) go to 190
c if yes go to find the fautt codes otherwise move the sets
c to temoorary storage and continue

L ma xl:
co 180 i:1ltmaxl

180 itemp~i)=iax(i)
go to 139

c write combined input fauLt tabLe
190 writeC6,191)
191 format(2x,'combined inputs')

writeC 6.189)
189 format(lx,'---------------- 1

do 192 i:1,n
m~node (i)

192 mset(i)=ivt(m)
write(6,193) C(mset( i)nmqnm:1,ni)9il~n)

193 format(4x930C'v',2,', 11))
nn~n ~ni

c nnl is the totaL no o! entries In a row
- - do 195 i:1ls

do 182 J=1,nft
Itl~iax(i )*and~c(j )
Mfitl~eceiax~i)) qo to 181
lf(itloeq*0) go to 182
go to 183

181 write(69340) Cicad( iqm),m:1,nn),I
go to 195

182 continue
c find unisoLated fauLts
183 mz0

do 185 J=1,nft
if(fLoat(iax~i))/2.0.eqoftoat~iax~i)/2)) go to 184
mm,1
aC M9100): J

184 iax~i)=iax(i)/2



k' 185 continue
185-write(6340) (icoa(tij),j=lnn),(a(klOo),k=ltm) -75-

195 continue
c proceed to find the fault codes based on the selected set

*,. c of nodes in node(J). the number of nodes= no the no of
c ambig sets is already In nset(nitj).
c the procedure is repeated for aLL inputs*
200 write(6,201)

. 201 format(/20xtlseparate input codes#)
do 300 nii1=lni
nvt1=nvt*(nii-1)
m=node(1)
nl=nset(niiom)
tf=nl
write(69213) nvtl

213 format(2x,'nvtl=99,5)
write(69214) ivt(m)tnl

214 format(2x,'vt',13,' no of setsl,13)
c Load icod with the indeces of the first node
c and move amb sets to temporary storage

do 215 :1=,nl
215 icod(itl)=i

do 220 i=ltnl
220 itemp(i)=a(ivminvtl)

if(n.ne.1) go to 225
c If one node is enough go to identify faults directly.

do 222 i=ltnl
222 Iax(i)=itemp(i)

go to 270
c start Inersection
225 do 260 nn:2,n

L=I
m=node(nn)
n2=nset(nim)

"-; write(69214) ivt(m)tn2

do 250 J=llnl
c set fLag to detect first Intersection

ifl=O
do 250 k=ltn2
iax(l)=itemp(j).andoa(ktm~nvtl)

-. if(iax(L).eq.O) go to 250
c update indeces for stack pushing

jl=Lf-L42
nnl=nn-1

c skip pushing after the first Intersection only
.f(ifL.neoO) go to 244
icod(Lonn)=k
IfL~l

S- go to 247
" 244 do 245 1f=lojl

do 245 mi=l1nnl
245 icod(Lf-ti,2tmi):icod(Lf-Li.lmi)

llcod(Ltnn)=k

, 247 L=L 1
250 continue
c adjust resulting no of amb sets

L=L-1
wrie(6,161) L
do 251 1:1,1L



251 write(69340) ( cod( i, j)gj:Itnn) '6-
c move result of intersection to the temoorary storage and
c continue to consider next node

do 255 1=19L
255 itemp(i)=iax(i)

nl=L
L f = n1

260 continue
c now iax(.) contains aLL sets representing isolated faults
c and icod contains corresponding fault codes, proceed to
c identify the isoLateo faults and print out the lcod matrix

write(69370) nil
write(6,380)

c write the actual node numbers
do 275 i=ln
m=node(i)

275 mset(i)=ivt(m)
270 write(69320)

write(6,330) (mset(i),i=lqn)

c match sets against bin3ry representation of the faults
do 295 i=1,l
do 282 J=lnft
itl=iax(i).and.c(j)
if(itl.eq.iax(i)) go to 281
lf(itl.ec.O) go to 282

c if they do not match or anding not equal to zero then there
c must be a set of unisoLated faults

go to 283
281 write(69340) (icod(im),m=lqn)9j

go to 295

282 continue
c find unisoLated faults
283 m=O

do 285 J=lnft
if(fLoat(iax(i))/2.0.eq.float(iax(i)/2)) go to 284
mr=m+1
a(mt10O)=J

c shift oinary code once to the right
284 iax(i)=iax(i)/2

285 continue
write(6,]40) (icod(ioj)gj=ltn)t(a(kolOO)tk=ltm)

295 continue
c continue to consider next input
300 continue
320 format(//2xotfauLt code')
330 format(/2x,20('vt'9 2, x)t'faultt)
340 format(4x920(i3,2x))
370 format(//2x9'input'9il)
380 format(/2xt' -------- )

return
end
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